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ABSTRACT 
The field of macrocyclic chemistry of polyazamacrocycle has 
undergone a spectacular growth in the early 1960s due to the pioneering 
and independant work of Curtis and Busch. The thesis aimed here is 
based on continued interest and quest in designing new macrocyclic 
ligands and complexes in view of their variety of applications. Thus the 
chemistry of polyazamacrocycles is fast developing area particularly 
tetraazamacrocycles with diamide and tetraamide complexes, 
hexaazamacrocycles, binucleating macrocycles with homodinuclear 
and heterodinuclear complexes and hismacrocyclic complexes. Some of 
the pioneering works with special emphasis to template syntheses 
with transition metal ions are also discussed. 
The synthesis of a series of 14 to 16-membered diamide tetraaza-macro-
cyclic transition metal complexes from o-bromoaniline, primary 
diamines and earboxylic acids in the presence of transition metal ions 
in a 2:1:1:1 ratio has been achieved. 
The results of elemental analysis suggest the macrocyclic 
complexes have 1:1 metal to ligand stoichiometry. All the complexes 
gave molar conductance values consistent with non-electrolytic nature. 
The IR spectra of all the complexes show no bands characteristic of 
hydroxyl and/or primary amine groups. However, the appearance of bands 
corresponding to amide stretching modes mainly in the regions. 
1690-1730. 1500-1530, 1240-1270 and 640-670 cm' may be assigned 
to amide 1, amide II, amide III and amide IV vibrations, respectively, 
providing strong evidence that the macrocyclization has taken place. The 
'H NMR spectra of all the zinc(II) complexes gave a broad signal in 
8.38-8.49 ppm, region corresponding to amide protons and another 
signal in 6.05-6.11 ppm region, assignable to secondary amino protons. 
This information alongwith the absence of bands corresponding 
to primary amide and/or alcoholic protons further corroborates the 
process of macrocyclization. The EPR spectra of the polycrystalline 
copper(II) complexes were recorded at room temperature. The axial spectrum 
with g > gj^  > 2.04 is consistent with distorted octahedral structure 
around the copper(II) ion. The spectral and magnetic moment data suggest 
the octahedral geometry around the metal ions. 
The metal ion control led synthesis of a new ser ies of 
tetraamide tetraazamacrocyclic transition metal complexes was carried 
out by the addition of methanolic solution of metal(II) ions to 
a stirred mixture of o-aminobenzoic acid with primary diamines and 
dicarboxylic acids in a 1:2:1:1 molar ratio. 
The results of elemental analysis are consistent with the proposed 
1:1 metal to ligand stoichiometry. The observed molar conductance 
values indicates that all the macrocyclic complexes are non-electrolytes 
in DMSO except copper which shows 1:2 electrolytic nature. The IR 
spectra of all the complexes show no bands characteristic of hydroxyl 
and/or primary amine groups. However the appearance of bands 
Ill 
corresponding to amide stretching modes provides strong evidence that 
the cyclization has taken place. The 'H NMR spectra of all the zinc(II) 
complexes show a broad signal at 8.12-8.36 ppm corresponding to 
amide protons. This information alongwith the absence of bands 
corresponding to primary amide and/or alcoholic protons support 
the macrocyclization. The X-band EPR spectra of microcrystalline 
samples of copper(II) at room temperature were recorded and their 
g and gj^  values were found to be 2.14-2.22 and 2.04-2.09 respectively. 
The spectral and magnetic moment data suggest the square planar 
geometry around the copper(II) ions while all the other complexes are of 
octahedral geometry. 
The synthesis of a series of 14 and 16-membered pendent-armed 
hexaazamacrocyclic complexes was attained by the template consdensation 
reaction of formaldehyde, primary diamines, acetamide or benzidine with 
metal in a 4:2:2:1 molar ratio and their electroanalytical properties have 
been studied. 
The results of elemental analysis suggest that the proposed 
macrocyclic complexes have 1:1 metal to ligand stoichiometry. The 
molar conductance values of all the compounds are in the range 11-22 
cm-Q'mol"', which indicate that they are non-electrolytes in DMSO. The 
IR spectra of the macrocyclic complexes of the type [ML'CIJ and [ML^CIJ 
do not show any peaks corresponding to carboxyl group, instead a 
new single, sharp, medium intensity band appeared in the region, 
3250-3210 cm' , and can be assigned to the coordinated secondary 
IV 
amines; The IR spectra of all the macrocyclic complexes of the 
type [ML^CIJ and [ML'^ CIJ showed no bands corresponding to primary 
amine stretching vibrations which indicates that the proposed 
condensation has occurred. The 'H NMR spectra of all the zinc(II) 
macrocyclic complexes show a multiplet in the 6.05-6.38 ppm region, 
corresponding to the secondary amino protons. The appearance of two 
multiplets at 2.41-2.54 and 2.93-3.10 ppm regions may be attributed to 
the methylene protons of primary amines and aldehydic moiety, 
respectively which again confirms the proposed macrocyclic structrue. 
The EPR spectra of all polycrystalline copper(II) macrocyclic complexes 
gave their g and g^^ values in the 2.149-2.155 and 2.055-2.058 ranges, respec-
tively, which suggest that the ground state may be d^ 2_ 2. 
All the complexes show g^  > 2.3 which indicates that the 
present complexes exhibit considerable covalent character. The overall 
geometries of these macrocyclic complexes were obtained from the 
magnetic susceptibility measurements and ligand field spectroscopic 
studies which suggest an octahedral geometry for all the complexes 
except for copper(II) complexes which shows a distorted octahedral 
geometry. 
The cyclic voltammograms for [CuL'ClJ and [CuL^ClJ in DMSO 
using Platinum Electrode versus Standard Calomel Electrode (S.C.E.) 
were taken at room temperature and at different scan rate of 50 and 100 
mVs'. Two well defined chemically irreversible reduction waves were 
observed which indicate that the reduction of Cu" occurs with two 
one-electron charge transfer steps as Cu" -> Cu' —> Cu", whereas the 
anodic wave is consistent with a one-step two electron oxidation 
process as Cu" -> Cu"+2e". A facile copper(II) / copper(I) electrochemical 
reduction is observed in these complexes whereas the copper(II)/ 
copper(lll) oxidation process seems unlikely to occur and hence the 
present macrocyclic complexes have the property to stabilize +1 
oxidation state rather than the +3 oxidation state. 
The preparation and characterization of a new series of Sn(IV) 
macrocyclic complexes [R^SnMLX^] obtained from the template 
condensation reaction of diethylenetriamine with diketones using 
transition metal ions and dialkyl tin(IV) dichloride in methanol 
are discussed. 
The microanalytical results agree well with the proposed 
structure. The IR spectra of all the complexes do not show any bands charateristic 
to free primary amine or carbonyl groups which strongly 
support the formation of the proposed macrocyclic moiety. The 
appearance of a new strong intensity band in the 1580-1620 cm' region 
can be assigned to the C=N stretching vibration which further support 
the macrocyclic framework. Two weak intensity absorption bands in 
all the complexes around 370 and 590 cm' can be attributed to v(Sn-N) 
and v(Sn-C) vibrations, respectively, which also indicates the presence 
of two alkyl groups at axial positions. The EPR spectra of the 
polycrystalline copper(II) macrocylic complexes at room temperature 
exhibited a strong single broad band and their g ,^ g^ , and G values 
have been calculated. The G values lies in the region 2.00-2.77 which 
VI 
indicates a considerable amount of exchange interaction occuring in 
these complexes. The 'H NMR spectra of all the zinc(II) complexes 
show two signals in the range 2.70-2.91 and 3.50-3.63 ppm as triplets due 
to nonequivalent methylene protons of the diethylenetriamine moiety. 
However the 'H NMR spectra do not show any band assignable to primary 
or secondary amino protons. On the basis of the electronic spectra 
and magnetic moment values an octahedral geometry is proposed for 
nickel(II) complexes and a distorted octahedral geometry for copper(Il) 
complexes. 
The synthesis and characterizat ion of a new ser ies of 
bismacrocyclic complexes [MjLClJ [M=Fe", Co", Ni", Cu" and Zn"] by the 
template reaction of primary diamines, formaldehyde and benzidine 
followed by the addition of diketones or phthalaldehyde in 4:4:1:2 molar 
ratio have been carried out. 
Elemental analyses agree well with the bismacrocyclic sturcture. 
Molar conductance values in DMSO are indicative of non-electrolytic 
nature of all the complexes. The IR spectra show a single sharp band 
in the 3210-3270 cm' region and a medium strong band in the 1560-
1600 cm' region attributed to the coordinated N-H stretching vibration 
of secondary amine moiety and coordinated C=N stretching vibrations, 
respectively. Along with these results, the most remarkable feature is 
that the IR spectra shows no bands assignable to primary amine or 
carbonyl group stretching vibrations which ascertain the proposed 
bismacrocyclic structure. The EPR spectra of aircopper(Il) bismacrocyclic 
Vil 
complexes show a single broad band with two g values. The absence 
of hyperfine splitting signals in these complexes may be due to the 
strong dipolar and exchange interactions between the copper(II) ions 
in the unit cell. The 'H NMR spectra of all bismacrocyclic zinc(II) 
complexes recorded in DMSO-d^ further, strongly suggest that the 
macrocyclization has indeed taken place. The magnetic moment and 
electronic spectral data suggest the octahedral geometry for all complexes 
except for copper(II) complexes with a distorted octahedral geometry. 
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Chapter 1 
General Introduction 
The synthesis and application of the macrocyc l ic moiet ies 
involving nitrogen and oxygen atoms have been a subject of considerable 
interest in the recent years. The coordination chemistry of these 
macrocyclic systems, particularly that containing nitrogen donor atom is 
expanding rapidly. In the present project major emphasis is being given to 
such systems. 
The numerous work done by countless researchers with thousands of 
papers, hundred of reviews and numerous patents, about the coordination 
chemistry of macrocyclic Ifgands cannot be confined to few pages. The 
field of coordination chemistry of polyazamacrocycles has undergone 
spectacular growth after the early 1960s due to the pioneering independent 
contributions of Curtis'-^ and Busch.-' , 
Coordination chemistry of macrocyclic complexes has been a 
fascinating area of current research interest to the inorganic chemists all 
over the world. The continued interest and quest in designing new 
macrocyclic ligands and complexes stem mainly from their use as models 
for protein-metal binding sites in a substantial array of metalloproteins 
in biological systems'*, as models for metalloenzymes'*, as synthetic 
ionophores^, as models to study the magnetic exchange phenomena^ 
as therapeutic reagents in chelate therapy for the treatment of metal 
intoxication, as cyclic antibiotics that owe their antibiotic actions to 
specific metal complexation, to study the guest-host interactions and in cataly-
sis.^"'-
Recognition of the importance of complexes containing macrocyclic 
ligands has led to a considerable effort being invested in developing 
reliable inexpensive synthetic routes for these compounds.'^'"' Several 
classes of macrocyclic ligands have been synthesized which contian varying 
combinations of aza, oxa, phospha and Sulfa ligating atoms which can 
be tailored to accomodate specific metal ions by the fine-tuning of the 
ligand design features, such as the macrocyclic hole size, nature of the 
ligand donors, donor set, donor array, ligand conjugation, ligand 
substitution, number and sizes of the chelate rings, ligand flexibility 
and nature of the ligand backbone. The majority of macrocycles 
represent creative and focused efforts to design molecules which will 
have particular uses. 
The survey of literature reveals that the chemistry of 
macrocycles containing nitrogen and oxygen atoms have been studied 
widely. Multidentate macrocyclic ligands are cyclic molecules consisting 
of an organic framework interspersed with hetroatoms which are capable 
of interacting with a variety of species. 
The macrocyclic complexes of metal ions are synthesized by the reaction 
of the required metal ion with the preformed macrocyclic ligands, 
but there are potential disadvantages in this method. The synthesis of 
a macrocycle in the free form often results in a low yield of the desired 
product with side reactions, such as polymerization as predominating effect. In 
order to circumvent this problem the ring-closure step in the synthesis 
may be carried out under conditions of high dilution'^ or a rigid group may 
be introduced to restrict rotation in the open-chain precursors '* '" 
thereby facilitating cyclization. One effective method for the synthesis 
of macrocyclic complexes involves an in situ approach wherein the 
presence of a metal ion in the cyclization reaction markedly increases 
the yield of the cyclic product. The metal ion plays an important role in 
directing the steric course of the reaction and this effect is termed 
"metal template effect".^' The metal ion may direct the condensation 
preferentially to cyclic rather than polymeric products (the kinetic 
template effect) or stabilize the macrocycle once formed (the 
thermodynamic template effect). Curtis has demonstrated the template 
potential of metal ions in the formation of isomeric tetraazamacrocyclic 
complexes (1) and (2) by the reaction of [Ni(en)3](C10j2 ^ ' t^ acetone" 
as shown in Scheme 1. The first example of a deliberate synthesis of a 
macrocycle using this procedure was described by Thompson and 
Busch'' to synthesize(3) as shown in Scheme 2. The diimine Schiff base 
macrocycles obtained by the condensation of one molecule each of the 
dicarbonyl and diamine precursors have been termed "1 + 1" macrocycles 
and the tetraimine macrocycles obtained by the condensation of two 
molecules of the dicarbonyl compounds with the two molecules of the 
diamine moiety have been termed "2+2" macrocycles as a consequence of 
the number of head and lateral units present.^^"^' 
Synthesis of multidentate macrocyclic ligands by the metal 
template method has been recognized as offering high-yielding and 
selective routes to new ligands'-* "• '^^ * and their complexes"'^'. Much of the 
early work featured the use of transition metal ions in the template 
synthesis of quadridentate macrocycles: the directional influence of 
orthogonal d-orbitals was regarded as instrumental in guiding the synthetic 
pathway'^''. This technique has been extended in the last decade by 
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using organotransition metal derivatives to generate tridentate cyclononane 
complexes""'\ The synthesis of maciocyclic complexes by the metal 
template method was extended by the use of .s-/7-block cations as template 
devices to synthesize penta- and hexadentate Schiff base macrocycles^"'^^ 
and a range of tetraimine Schiff base macrocycles^^- '^* by the Sheffield'*"" 
and Belfast"-'*''^research groups. 
The template potential of a metal ion in the formation of a 
macrocycle depends on the preference of the cations for stereochemistries in 
which the bonding d-orbitals are in orthogonal arrangements. This is 
exemplified by the observation that neither copper(Il) nor nickel(II) acts 
as template^' for the pentadentate "1+1" macrocycles (4-6) derived by the 
Schiff base condensation of 2,6-diacetylpyridine with triethylenetetramine, 
N,N'-bis- (3-aminopropyl) ethylenediamine, or N,N'-bis(2-aminoethyl)-l,3-
propanediamine, respectively. However, Mg^ "^ , Mn^", Fe^'^,Fe''^,Co^^,Zn^^, Cd^^  
and Hg^" serve as effective templates leading to the formation of 
7-coordinate complexes of (4) and (5) and pentagonal bipyramidal geometries 
for Mg'', Mn^*, Fe^', Fe- '^, Zn^'and Cd^' and 6-coordinate pentagonal 
pyramidal geometries for Co^ "^ , Cd^* and Hg^ *.*^ '^ '^ The metal ion and the 
anion are important to the template process because the balance 
between the size of the cation and anion will determine the degree of 
dissociation of the metal salt in the reaction medium'". 
The formation of "1 + 1" macrocycle via intramolecular mechanism or 
"2+2" macrocycle via the bimolecular mechanism depends on one or more 
factors during the synthesis of Schiff base macrocycles. They are 
Hy_yH 
« ) 
,N N C 3 
"U" 
(5) 
^"'v_y'"^ 
(6) 
1) The insufficient chain length to span the two carbonyl groups in the 
diamine will block the formation'' of "1 + 1" macrocycle. 
2) A "2+2" condensation may occur^-"' if the template ion is large 
with respect to the cavity size of the "1 + 1" ring. 
3) The electronic nature of the metal ion and the requirement of a 
preferred geometry of the complex. 
4) The conformation of the " I + l" acyclic chelate. 
In the synthetic pathway of macrocycles the size of cation used as 
the template has proved to be of much importance. The compatibility 
between the radius of the templating cation and the "hole" of the-
macrocycle contributes to the effectiveness of the synthetic pathway and 
to the geometry of the resulting complex. For example, cations of radii less 
than ~ 0.80 A° do not seem to generate complexes of (6). Fenton and his 
workers^'-^^^^"*^" demonstrated cation-cavity "best fit" in the formation 
of Schiff base macrocycles by synthesizing oxaazamacrocycles using 
alkaline earth cations as templating devices. The smaller metal ion favours 
the formation of "]+\"{l) while the large metal ion favours the 
formation of "2+2" macrocycle (8) as shown in Scheme 3. Of the alkaline 
earth cations, for example, only magnesium generates the pentadentate 
"1 + 1" macrocycle(7) but it is ineffective in generating the hexadentate 
"1 + 1" macrocycle(9) which is readily synthesized in the presence of 
larger cations such as Ca'% Sr^ "^ , Ba^* and Pb^' The preference for the formation 
of "1 + 1" or "2+2" Schiff base macrocycle in the metal template condensation 
depends on the cation radius. 
I ' • • Sr , Pb' 
+ HjN 0 0 0 NH2 
+ 
H,N 0 0 NH2 
Mg 2* 
C N N N. 
o ^r 
(9) 
C "'• ^ 
A 
(8) 
Scheme 3 
10 
During the course of the Schiff base condensation of the 
appropriate diamine and dicarbonyl precursors in the presence of an 
alkaline earth metal ion template macrocyclic complexes resulting 
from the condensation of one molecule of the dicarbonyl and two 
molecules of the diamine precursors are commonly isolated in good 
yield". Some reactions demonstrate the facility and reversibility of amine 
exchange (transamination) and its importance in the metal ion template synthe-
sis of macrocyclic Schiff base ligands. Thus it has been observed 
that excess of free diamine or free metal ion suppress the formation 
of macrocycle. The sequence of reactions involving ring closure by 
transamination with a concomitant ring contraction and reduction in 
ligand denticity and subsequent ring expansion in the presence of larger 
metal ions is illustrated in Scheme 4. Thus it has been observed" that 
when the metal ion is too small for the macrocyclic cavity, ring 
contraction takes place by transmination with a concomitant reduction 
in ligand denticity and ring size. The complex of the ring-contracted 
macrocycle undergoes ring expansion in the presence of larger metal ions. 
Lindoy and co-workers^* have developed design strategies for 
new macrocycl ic ligand systems which are able to recognize 
particular transition and post-transition metal ions. They have prepared'^'^^ 
and studied the discrimination of metal ions by ligand and by following 
the occurance of "structural dislocation" along a series of closely 
related mixed donor ligand system^"*''" (10) and (11). 
Macrocycles containing nitrogen donor atoms have been used as 
models to explain metal ion-macrocycle reactions in biological systems. 
11 
+ /~\"A^ 20 C 
H2N N NH2 CQ^Ba^* 
Scheme 4 
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N N 
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rfs R^sCCHj)^ ^(CHjJj 
(10) 
Xs NH,0, S 
(11) 
13 
Maigeium and co-workers^'"^^ have reported extensive investigations 
on the interaction of Cir' and Nv' with macrocycles containing nitrogen donor 
atoms. 
The chemistry of synthetic macrocycl ic polyamines and 
macrocyclic dioxopolyamines has been drawing much interest"'*"'^. 
These macrocycles form much more stable and selective complexes 
with various transition-metal ions than do open chain analogues 
having the same donor arrangement. The metal complexes of the 14-membered 
cyclic tetramine 1,4,8, l l - te t raazacyclo te t radecane( 12) represent 
reference systems'''* in the coordiantion chemistry of azamacrocycles. The 
synthesis"**" of ligands (13), (14) and (15) led to the study of their 
complexes. Studies on their complexes proved that all the above (13),(14) 
& (15) form stable complexes with transition-metal ions^'*^ and the Cu'^ 
complex of the 14-membered(14) is the most stable among the three 
complexes^''. 
Majority of all nitrogen-donor macrocycles that have been studied 
are quadridentate e.g. ligands(12) and (16). To fully encircle a first-
row transition metal ion a macrocyclic-ring size of between 13 and 16 members 
are required provided that the nitrogen donors are spaced 
such that five-, six- or seven- membered chelate rings are produced on 
co-ordination^' *'^ *'^  A number of larger ring macrocycles containing 
more than four donor atoms have also been prepared and one example of 
large ring ligand*' incorporating more than one transition metal ion is 
shown in Fig. (17). 
14 
C ) 
I I 
(12) (13) 
"U 
CN N 1 
N N.-—' H ^ ^ H 
(U) (15) 
15 
ft 
H N N 
(16) 
Me 
c N 0 N \ ^ \ / Cu Cu / \ / \ 
N 0 N 
3 
Me 
(17) 
16 
Great efforts has been made in the incorporation of functionalized pen-
dant groups into a saturated macrocyclic tetraamine structure to 
modify its conformational and redox properties of the metal complexes. 
E. Kimura and co-workers have exported a few examples of the macrocycle 
dioxotetraamines bearing functionalized pendant groups*^ Fig. (18). 
Macrocyclic oxotetraamines bear dual structural features of macrocyclic 
tetraamines and oligopeptides and can stabilize higher oxidatioii 
states of some of the transition metal ions*'"^^. The above properties 
have been applied to superoxide dismutase like catalysts and some of 
these compounds have been used as metal-ion carries. Hay and 
co-workers studied tetraaza system which has a pendant primary amine func-
tion, able to coordinate to the metal centre^'. Kanda and co-workers discussed 
the preparation and reaction of a te t radentate Schiff base 
ligand having a pendant thioether function^^ Stephenson and co-workers pro-
duced^' a fifteen membered macrocycle bearing a hydroxy group 
and investigated its reactivity. Recently Busch and co-workers studied^* a 
macrocycle with a pendant pyridyl function which is sterically restricted 
in its binding to the metal centres. 
A large body of binucleating ligands capable of binding two metal 
ions in close proximity has appeared in the literature as a result of their 
relevance to various aspects of coordination chemistry^^. The design and 
synthesis of binuclear macrocyclic transition metal complexes remains an 
important objective as potential catalysts, as models for a number of 
metalloproteins. influence of the two metal centres on the electronic 
magnetic and electrochemical properties of such closely spaced 
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paramagnetic centres'"""'"'. 
Binucieating macrocyclic ligands with similar and dissimilar 
coordination sites have been reported and the later is of particular 
interest because such macrocyclic complexes are thermodynamically 
stabilized and kinetically retarded with regard to metal dissociation and 
metal substitution relative to metal complexes of acyclic ligand'"^'"'. 
Various macrocycles have been synthesized as their metal complexes 
through the condensation of aromatic dialdehydes and primary diamines in 
the presence of metal ions as templates and in most cases 2,6-diformyl 
4-methylphenol is employed as the 'heat' unit for the macrocyclic 
framework and these complexes have been extensively used, for the 
studies on homo and heterobinuclear and mixed valence complexes"^^"'^: 
In this class of compounds, macrocycles with the same and different 
lateral chains have been synthesized by direct and stepwise template 
reactions, respectively. Nelson and co-workers have reported many 
binuclear macrocyclic systems incorporating different br idging 
l igands"""^ Martell and co-workers have reported a wide variety of 
polyazamacrocyclic binucieating complexes with different bridging 
atoms or groups. They have also added an elegant note on the catalytic activities 
of the Cu(l) and Cu(II) complexes of the Schiff base used in the synthesis of 
some of their ligands"'. Reinhoudt and co-workers'^^'-' have synthesized a 
number of ligands and the corresponding he terodinulcear 
and hetero-trinuclear complexes. Sessler and coworkers'^* have reported 
the copper complexes(19 ) which potentially has a cavity for hard cations. 
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Bisniacrocyclic complexes incorporating two metal ions arc of 
interest because they can act as multi-electron redox agents or catalysts and 
can be regarded as models for polynuclear metalloenzymes. Furthermore 
they can exhibit interesting physical properties due to the metal-
metal interactions. Dicobalt(II) cofacial porphyrin dimers act as 
efficient electrocatalyts for the four-electron reduction of O^ to H^O.'^^ 
Multiple metal systems are common in nature and are often involved in 
multiple-electron redox reactions'-"*. Consequently, there has been a great 
deal of work aimed at synthesizing biomimetic multinuclear models 
which may provide insight into the actual structure of the metalloenzyme 
or the mechanism of the catalysis. Recently bis-macrocyclic diiron'^'' and 
d in ickel ' " compounds have been synthesized in which the diiron 
complex contains a conjugated bridge between metalin two macrocycles. 
M.P.Suh and co-workers'^^ synthesized bismacrocyclic Ni(II) and Ni(l) 
complexes (20) by template condensation reaction of formaldehyde 
and primary diamines. Fenton has reviewed'"*^ this class of compounds 
emphasizing their relevances to bioinorganic model system. 
In view of the current interest in the field of macrocyclic 
moieties especially their biological, catalytic and industrial applications 
it was thought worthwhile to design polyazamacrocyclic moeities 
inorder to carryout their systametic substrate recognition studies. 
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Chapter 2 
Experimental methods 
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There are several physico-chemical methods available for the study 
of coordination compounds. A brief description of the techniques used in 
the investigation of the newly synthesized complexes described in the 
present work are given below: 
1. Infrared Spectroscopy 
2. Nuclear Magnetic Resonance Spectroscopy 
3. Electron Paramagnetic Resonance Spectroscopy 
4. Ultraviolet and Visible (Ligand Field) Spectroscopy 
5. Cyclic Voltammetry 
6. Magnetic Susceptibility Measurements 
7. Molar Conductance Measurements 
8. Elemental Analysis 
INFRARED SPECTROSCOPY 
Infrared absorption spectra are commonly obtained by placing the 
sample in one beam of a double beam infrared spectrophotometer and 
measuring the relative intensity of transmitted light. When the infrared 
light of the same frequency incident on the molecule the energy is absorbed 
and the amplitude of that vibration is measured. When the molecule 
reverse from the excited state to the original ground state, the absorbed 
energy is released as heat. The occurrence or non-occurrence of an 
infrared radiation is governed by the following selection rules, 
i) In order for a molecule to absorb infrared radiation as vibrational excitation 
energy, there must be a change in the dipole moment of the molecule as 
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it vibrates. 
ii) In absorption of the radiation, only transition for which change in 
the vibrational energy level is AV = 1 can occur, since most of 
the transition will occur from state V^ to V, the frequency 
corresponding to its energy is called the fundamental frequency. 
The group frequency which are frequencies of certain groups 
are characteristic of the group irrespective of the nature of the molecule 
in which these groups are attached. The absence of any band in the 
approximate region indicates the absence of that particular group in the 
molecule. 
The infrared radiation is usually said to have wavelength lying 
between 0.8 m to 1000 m. The wave number, i.e. the number of waves 
per centimeter is used to characterize the radiation. 
Important group frequencies in the IR spectra 
pertinent to the discussion of the newly synthesized compounds . 
N-H Stretching Frequency 
The N-H stretching vibration occur in the region 3300-3500 cm' in dilute 
solution'. The N-H stretching band shifts to lower value in the solid 
state due to extensive hydrogen bonding. Primary amines in dilute solutions, 
in non-polar solvents give two absorption bands in the above mentioned 
region, the first of which due to symmetric stretch is usually found near 
3400 cm' and second which corresponds to asymmetrical modes is found 
near 3500 cm'. These bands are usually 125-150 cm' apart. Secondary 
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amines show only a single N-H stretching in dilute solutions. The intensity 
and frequency of N-H stretching vibrations of secondary amines are 
very sensitive to structural changes. The band is found in the range 3310-
3350 cm' (low intensity) in aliphatic, secondary amines and near 3490 cm' 
(much higher intensity) in heterocyclic secondary amines such as pyrazole 
and imidazole. 
Methyl Group Frequency 
Absorption arising from C-H stretching in the alkanes occurs in 
the general region of 2840-3000 cm'. The position of C-H stretching 
vibration are among the most stable in the spectrum. An examination of a 
large number of saturated hydrocarbons containing methyl groups showed' 
in all cases, two distinct bands occurring at 2960 cm' and 2870 cm'. The 
first of these results from asymmetric stretching mode in which two 
C-H bonds of the methyl group are extending while the third one is 
contracting (i^ ^^  • CH^). The second arises from symmetric stretching 
(i>^  CHJ in which all three of the C-H bonds extend and contract in 
phase. The presence of several methyl groups in a molecule results in a 
strong absorption bands at these positions. 
C-N Stretching Frequency 
The C-N stretching absorption gives rise to strong bands in the 
region 1250-1350 cm' in all the amines'"'. In primary aromatic amines 
there is one band in the region 1250-1340 cm' but in secondary amines 
two bands have been found in the region 1280-1350 cm' and 1230-1280 cm' . 
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C=N Stretching Frequency 
Schiff's bases (RCH=NR, imines), oximes, thiazoles, iminocarbonates 
etc. show the C=N stretching frequency in the 1471-1689 cm' region'^. 
Although the intensity of the C=N stretch is variable, it is usually more intense 
than the C=C stretch. 
O-H Stretching Frequency 
The O-H stretching frequency is observed" nearly in the same range 
as N-H frequencies (3400-3500 cm') . However, the observed absorption 
for N-H is normally narrower than for O-H. This is a useful means 
of distinguishing N-H and O-H stretching modes. 
Amide Bands 
All amides show a carbonyl absorption band known as the amide I 
band ' \ Its position depends on the degree of hydrogen bonding and thus on 
the physical state of the compound. The C=0 absorption (amide I band) 
of amides occurs at longer wave length than normal carbonyl absorption 
due to the resonance effect. Primary amides have a strong amide I band 
in the region of 1650 cm' when examined in the solid phase. When the 
amide is examined in dilute solution the absorption is observed at a 
higher frequency, near 1690 cm'. Simple open chain secondary amides 
absorb near at 1640 cm' when examined in solid state. 
All primary amides show a sharp absorption band in dilute solution (amide 
II band) resulting from NH^ bending at a somewhat lower frequency 
than the C=0 bond. Secondary acyclic amides in the solid state display 
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an amide II band in the region of 1500-1570 cm' . A weaker band near 
1250 cm' results from interaction between the N-H bending and C-N 
stretching (amide HI band). A broad medium band in the 640-800 cm' region 
in the spectra of primary and secondary amides results from out of plane 
N-H wagging. 
M-N Stretching Frequency 
The M-N stretching frequency is of particular interest since it 
provides direct information regarding the metal-nitrogen coordinate bond. 
Different amine complexes exhibited^ the metal-nitrogen frequencies in 
the region 300-450 cm'. 
M-O Stretching Frequency 
Metal-oxygen stretching frequency has been reported to appear in different 
region for different metal complexes. The V (M-O) band is usually broad and 
strong while the i^(M-N) is usually sharp and strong as a larger 
dipole moment change is involved in the vibration of the M-0 bond in 
comparison with that in the M-N bond and i^(M-O) is expected^' to occur 
at higher energy than^'(M-N). 
M-X Stretching Frequency 
Metal-halogen stretching vibrations are generally^ observed in the 
low frequency infrared region (200-400 cm ' ) . In the complex Cu.,X^ 
(pyridine - 1 - oxidase).,, a single band at 3 15 cm' with shoulder at 325 cm' 
must be due to the terminal Cu-Cl frequency. 
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NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY 
The nuclei of certain isotopes possess a mechanical spin or angular 
momentum. The NMR spectroscopy is concerned with nuclei having spin 
quantum number I =1/2, examples of which include ' H, ^'p,'^F etc. 
For a nucleus with I = 1/2 there are two values for the nuclear spin 
angular momentum quantum number m = ±1/2 which are degenerate in 
the absence of a magnetic field, in presence of magnetic field, however, 
this degeneracy is destroyed such that the positive value of m corresponds 
to the lower energy state and negative value to higher energy state 
separated by an energy gap AE. 
In an NMR experiment, one applies strong homogenous magnetic 
field causing the nuclei to precess. Radiation of energy comparable to AE 
is then imposed with radio frequency transmitter is equal to precision 
or Larmor frequency and the two are said to be in resonance. The energy can 
be transferred to and from the source and the sample and NMR signal is 
obtained when a nucleus is excited from low energy to high energy state. 
ELECTRON PARAMAGNETIC RESONANCE 
SPECTROSCOPY 
In 1936, Gorter demonstrated*' that a paramagnetic salt when 
placed in a high frequency alternating magnetic field, absorbs energy 
which is influenced by the application of a static magnetic field either 
parallel or perpendicular to the alternating magnetic field. Since then this 
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phenomenon has become a technique of immense importance in science. 
It is well known that a paramagnetic ion has a magnetic moment and 
therefore its ground state is degenerate. If this ion is placed in a strong 
static magnetic field the degeneracy is lifted and the energy levels undergo 
a Zeeman splitting. Application of an oscillating magnetic field of 
appropriate frequency will induced transitions between the Zeeman levels 
and energy is absorbed from the electromagnetic field. If the static 
magnetic field is slowly varied, the absorption shows a series of maxima. 
The plot between the absorbed energy and the magnetic field is called 
the electron paramagnetic resonance spectrum. 
A system of charges exhibits paramagnetism whenever it has a 
resultant angular momentum. Such paramagnetic system includes elements 
containing 3d, 4d, 4f, 5d, 5f, 6d, etc. electrons, atoms having an odd number 
of electrons like hydrogen, molecules containing odd number of electrons 
such as NO^, NO etc. and free radicals which posses an unpaired electron 
like CHj, DPPH etc. are among the suitable candidates for EPR investigation. 
Splitting of energy levels in EPR occurs under the effect of two 
types of fields, namely the internal crystalline field and applied magnetic 
field. While studying a paramagnetic ion in a diamagnetic crystal lattice, 
two types of interactions are observed, i.e. interactions between the 
paramagnetic ions called dipolar interaction and interactions between 
the paramagnetic ion and the diamagnetic neighbours called crystal 
field interaction. For small doping amount of paramagnetic ion in the 
diamagnetic host, the dipolar interaction will be negligibly small. The 
latter interaction of paramagnetic ion with diamagnetic ligands modify the 
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magnetic properties of the paramagnetic ions. According to crystal field 
theory, the ligands influence the magnetic ion through the electric field 
with they produce at its site and their orbital motion get modified. The 
crystal field interaction is affected by the electrostatic screening by the 
outer electronic shells. 
The dipole-dipole interaction arises from the influence of magnetic 
field of one paramagnetic ion on the dipole moments of the 
neighbouring, similar ions. The local field at any given site will depend 
on the arrangements of the neighbours and the direction of their dipole 
moments. Thus the resultant magnetic field on the paramagnetic ion will 
be the vector sum of the external field and the local field. This resultant 
field varies from site to site giving a random displacement of the 
resonance frequency of each ions and thus broadening the line widths. 
Hyperfine interactions are mainly magnetic dipole interactions 
between the electronic magnetic moment and the nuclear magnetic 
moment of the paramagnetic ion. The quartet structure in the EPR of 
divalent copper ion and octect in the EPR of vanadyl ion are the results of 
the hyperfine interactions. The origin of this can be understood simply 
by assuming that the nuclear moment produces a magnetic field B^ at 
the magnetic electrons and the modified resonance condition will be 
E=h))=g^ B+Bj where Bj^ , takes up 21+1, where I is the nuclear spin. 
There may be an additional hyperfine structure also due to the 
interaction between magnetic electrons and the surrounding nuclei called 
superhyperfine structure. The effect was first observed by Owens and 
Stevens in ammonium chlovoividate'* and subsequently fov a number of 
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transition metal ions in various hosts'''". 
ULTRA-VIOLET AND VISIBLE 
(LIGAND FIELDS) SPECTROSCOPY 
Most of the compounds absorb light somewhere in the spectral 
region between 200 and 1000 nm. These transitions correspond to the 
excitation of electrons of the molecules from ground state to higher 
electronic states. In a transition metal all the five d orbitals viz. d ,d .d , d , 
\y' yz xz' z 
and d^ : : are degenerate. However, in coordination compounds due to 
the presence of ligands this degeneracy is lifted and d orbitals split into 
two groups called t^  (d^ .^, d^ ^ and d^ )^ and e (d^, and d^ ; ,^;) in an octahedral 
complex and t and e in a tetrahedral complex. The set of t^  orbitals goes 
below and the set of e orbitals goes above the original level of the 
degenerate orbitals in an octahedral complex. In case of the tetrahedral 
complexes the position of the two sets of orbitals is reversed, the e going 
below and t going above the original degenerate level. When a molecule 
absorbs radiation its energy equal in magnitude to hn and expressed by 
the relation 
E = hP 
or E = he / \ 
Where h is planck's constant, x> and X are the frequency and waveler\gth 
of the radiation, respectively and c is the velocity of light. 
In order to interpret the spectra of transition metal complexes, the 
de\ ice of energy level diagram based upon ~ Russell Saunder Scheme" must be 
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introduced. This has the effect of splitting the highly degenerate 
configurations into groups of levels having lower degeneracies known as 
'Term Symbols'. 
The orbital angular momentum of electrons in a filled shell 
vectorically add upto zero. The total orbital angular momentum of an 
incomplete d shell electron is obtained by adding L value of the individual 
electrons, which are treated as a vector with the component ml in the 
direction of the applied field. Thus 
L = X"il, = 0 1 2 3 4 5 6 
S P D F G H 1 
The total spin angular momentum S = ] ^ S, where S^  is the value of 
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spin angular momentum of the individual electrons. S has a degeneracy t 
equal to 2S+1, which is also known as 'Spin Multiplicity'. Thus a term is 
finally denoted as '6L'. For example, if S = 1 and L = 1, the term will be -^ P 
and similarly if S = 1 Vi and L = 3, the term will be ^F. 
In general the terms arising from a d" configuration area is as follows. 
d'd^: ' D 
d' d« : ^ F, 'P, ' G, • D, • S 
d-^ d^  : ^F , - "P , 'H , 'G , 'F , ^0 (2 ) , 'P 
d^d^ : -^ D, ^H,-^G, •^F(2),-^D, ^P(2) , ' I , 'G(2) , 'F , 'D(2) , 'S (2) 
d' : -"S, 'G , ^F, ^D, "P, M, ^H, 'G(2) , 'F (2 ) , -0 (3 ) , 2P, ^S. 
Coupling of L and S also occurs, because both L and S if non-zero, 
generate magnetic fields and thus tend to orient their moments with 
respect to each other in the direction where their interaction energy is 
least. This coupling is known as 'LS Coupling" and gives rise to the 
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resultant angular momentum denoted by the quantum number J which 
may have quantized positive values from |L+S| upto |L - S| e.g. in 
the case of ' P (L = 1, S = 1), ' F (L = 3, S = 1 •/2) possible values 
of J representing state, arising from term splitting are 2,1 and 0 and 
4'/2, 3'/2, 2'/2 and l'/2. Each state specified by J is 2J+1 fold degenerate. 
The total number of states obtained from a term is called the multiplet and 
each value of J associated with a given value of L is called component. 
Spectral transitions due to Spin-orbit coupling in an atom or ion occurs 
between the components of two different multiplets while LS coupling 
scheme is used for the elements having atomic number less than 30, in that 
case spin-orbital interactions are large and electrons repulsion parameters 
decrease. The spin-angular momentum of an individual electron couples 
with its orbital momentum to give an individual J for that electron. The 
individual J's couple to produce a resultant J for the atom. The electronic 
transitions taking place in an atom or ion are governed by certain 
'Selection Rules' which are as follows 
1. Transitions between states of different multiplicity are forbidden. 
2. Transitions involving the excitation of more than one electron are 
forbidden. 
3. In a molecule, which has a centre of symmetry, transitions between two 
gerade or two ungerade states are forbidden. 
It is possible to examine the effects of crystal field on a 
polyelectron configuration. The ligand field splitting due to cubic field can 
be obtained by considerations of group theory. It has been shown that an 
S state remains unchanged. P states does not split, a D state splits into 
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two and F states into three and a G state into four states are tabulated below, 
this holds for an octahedral 'Oh' as well as tetrahedral 'Td' symmetry. 
S - A , 
P—T, 
D - E + T, 
F—A,+ T, + T2 
G—A,+ E + T,+ 1, 
Transition from the ground state to the excited state occur according 
to selection rules described earlier. The energy level order of the states 
arising from the splitting of a term state for a particular ion in an 
octahedral field is the reverse of that for this ion in a tetrahedral field. 
Sometimes due to transfer of charge from ligand to metal or metal 
to ligand, bands appear in the ultraviolet region of the spectrum. Such 
spectra are known as 'Charge Transfer Spectra' or redox spectra. For 
metal complexes there are often possibilities that charge transfer spectra 
extend into the visible region to obscure d-d transition. However, these 
should be clearly discerned from the ligand bands which might also occur 
in the same region. 
Cyclic Voltammetrv 
Cyclic voltammetry is used principally to characterize the properties 
of compounds and to study the mechanisms of redox reactions. In this 
technique a triangular waveform is applied to the working electrode. L'nlike 
ordinary polarography. in which the ramp is applied over a period of a few 
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minutes, in cyclic voltaninietry the time is on the order of seconds. 
Furthermore, in cyclic voltammetry the ramp is then reversed to bring the 
potential back to its initial value at time t^  the cycle may be repeated many 
more times. 
Cyclic voltammograms are recorded either with on oscilloscope 
or with a fast X-Y recorder. The initial portions of the current-potential 
curves looks like ordinary polarograms, with a residual current followed 
by a cathodic wave-instead of leveling off at the top of the wave, the 
current decreases as the potential is increased further. This happens becuase 
the electroactive species becomes depleted in the region around the 
electrode surface. In the copper curve, at the time of the maximum 
voltage(t,), the cathodic current has decayed to a fairly small value. After t,, 
the potential change is reversed, but a cathodic current continues to 
flow because the potential is still negative enough to reduce the analyte. 
When the potential become sufficiently less negative, the reduced analyte 
in the layer around the electrode surface begins to be oxidized. This gives 
rise to an anodic wave. Finally, as the reduced species is depleted, the 
anodic current decays back toward the initial value of the residual current. 
In a reversible electrode reaction, the redox reaction is fast 
enough to maintain equilibrium concentrations of reactant and product 
at the electrode surface as the electrode potential is varied. The peak anodic 
and peak cathodic currents have equal magnitudes in a reversible process, 
and the difference in potential between the peaks is 
2.22 RT 57.0 
E - E = = mV 
Pn P^  „p ^ 
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where E and E are potential at which the peak anodic and peak 
p;i pc • ' ' 
cathodic currents are observed and n is the number of electrons in the 
half reaction. The halfwave potential, E,.^  lies midway between the two 
peak potentials. With an irreversible reaction, the cathodic and anodic 
peaks become more drawn out and more separated. At the limit of 
irreversibility, where the oxidation is very slow, no anodic peak would 
be seen. 
Cyclic voltammetry is widely used to characterize the redox 
behaviour of compounds and to elucidate the kinetics of electrode reactions 
and competing chemical reactions"' ' . Common electrodes of Pt. C, Au, or 
Hg permit the study of either oxidations or reductions. Nonaquous 
solvents such as alcohols, dioxane, acetonitrite, dimethyl sulfoxide, and 
dimethylformamide are routinely empolyed with supporting electrolytes 
such as LiCl, LiClO^ or tetraalkylammonium salts. 
MAGNETIC SUSCEPTIBILITY MEASUREMENTS 
The determination of magnetic moments of t ransi t ion metal 
complexes have been found to provide ample information in assigning 
their structure. The main contribution to bulk magnetic properties arises 
from magnetic moment resulting from the motion of electrons. It is 
possible to calculate the magnetic moments of known compounds from 
the measured xalues of magnetic susceptibility. 
There are several kinds of magnetism in substances viz. 
diamagnetism. paramagnetism and ferromagnetisni, or antiferromagnetism. 
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Most compounds of the transit ion elements are paramagnet ic . 
Diamagnetism is attributable to the closed shell electrons with an applied 
magnetic field. In the closed shell the electron spin moment and orbital 
moment of the individual electrons balance one another so that there 
is no magnetic moment. Ferromagnetism and antiferromagnetism arise 
as a result of interaction between dipoles of neighbouring atoms. 
If a substance is placed in a magnetic field H, the magnetic 
induction B with the substance is given by 
B - H + 4A1 
Where I is the intensity of magnetization. The ratio B/H is called 
the magnetic permeability of the material and is given by 
B/H = 1 + 4 A ( I / H ) = 1 + 4nK 
Where K is called the magnetic susceptibility per unit volume or 
volume susceptibility. B/H is the ratio of the density of lines of force 
within the substance to the density of such lines in the same region in 
the absence of the sample. Thus the volume susceptibility of a vacuum 
is by definition zero since in vacuum B/H = 1 . 
When magnetic susceptibility is considered on the weight basis, the 
gram susceptibility (X ) is used instead of volume susceptibility. The \i^^ 
value can then be calculated from the gram susceptibility multiplied by 
the molecular weight and corrected for diamagnetic value as 
Me.r. =2.84 T x T T.BM 
Where T is the absolute temperature at which the experiment is 
performed. 
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The magnetic properties of any individual atom or ion will result 
from some combination of these two properties that is the inherent 
spin moment of the electron and the orbital moment resulting from the 
motion of the electron around the nucleus. The magnetic moments are 
usually expressed in Bohr magnetons (BM). The magnetic moment of a 
single electron is given by 
. ^, = (in BM) = gyS(S+l) 
Where S is the spin quantum number and g is the gyromagnetic ratio. 
For Mn^*, Fe^* and other ions whose ground states are S states there 
is no orbital angular momentum. In general however, the transition metal 
ions in their ground state D or F being most common, do possess orbital 
angular momentum. For such ions, as Co^* and Ni^^, the magnetic moment 
is given by 
M,,^  = g ^4S(S+1) + L(L+1) 
in which L represents the orbital angular momentum quantum number for 
the ion. 
The spin magnetic moment is insensitive to environment of metal ion, 
the orbital magnetic moment is not. In order for an electron to have an 
orbital angular momentum and there by an orbital magnetic moment 
with reference to a given axis it must be possible to transform the orbital 
into a fully equivalent orbital by rotation about that axis. 
For octahedral complexes the orbital angular momentum is absent 
for Aj , A ,^ and E^  term, but can be present for T, and T^  terms. Magnetic 
moments of the complex ions with A ,^ and E ground terms may depart 
from the spin only value by a small amount. The magnetic moments of 
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the complexes possessing T ground terms usually differ from the high 
spin value and vary with temperature. The magnetic moments of the 
complexes having a ^A, ground term are very close to the spin only value 
and are independent of temperature. 
For octahedral and tetrahedral complexes in which spin-orbit 
coupling causes a split in the ground state an orbital moment contribution 
is expected. Even no splitting of the ground state appears in cases having 
no orbital moment contribution, an interaction with higher states can appear 
due to spin-orbit coupling giving an orbital moment contribution. 
Practically the magnetic moment value of the unknown complex is obtained 
on Gouy magnetic balance. Faraday method can also be applied for 
the magnetic susceptibility measurement of small quantity of solid samples. 
The gram susceptibility is measured by the following formula, 
AW W „ 
std. 
A,g • '^sld. 
W AW., 
std. 
Where X = Grams susceptibility 
AW = Change in weight of the unknown sample with magnet on 
and off. 
W = Weight of the known sample. 
AW i^^  = Change in weight ofstandard sample with magnets on and off 
W^ij. = Weight of standard sample. 
X^ ,^  = Gram susceptibility of the standard sample. 
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CONDUCTANCE MEASUREMENTS 
The conductivity measurement is one of the simplest and easily 
available techniques used to study the nature of complexes. It gives direct 
information regarding whether a given compound is ionic or covalent. 
For this purpose the measurement of molar conductance (•'^ m) which is 
related to the conductance value in the following manner is made. 
A Cell constant x Conductance 
Concentration of solute expressed in mol cm"^  
Conventionally solutions of 10'' M strength are used for the 
conductance measurement. Molar conductance values of different types 
of electrolytes in a few solvents are given below; A 1:1 electrolyte may 
have a value of 75-95 ohm' cm^ mol' in nitromethane, 50-75 ohm' cm^ mol ' 
in dimethyl formamide'^"'^ and 100-160 ohm 'cm^ mol ' in methyl cyanide. 
Similarly a solution of 2:1 electrolyte may have a value of 150-180 ohm' 
cm^ mol ' in nitromethane, 130-170 ohm'cm^ mol ' in dimethyl formamide 
and 140-220 ohm' cm^mol' in methyl cyanide. 
ELEMENTAL ANALYSIS 
The chemical analysis is quite helpful in fixing the stoichiometric 
composition of the ligand as well as its metal complexes. Carbon, hydrogen 
and nitrogen analyses were carried out with a Thomas and Coleman analyser, 
Carlo Erba 1108. Sulphur and chlorine were analysed b\ conventional 
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methods'^ For the metal estimation'", a known amount of complex was 
decomposed with a mixture of nitric, perchloric and sulphuric acids in 
a beaker. It was then dissolved in water and made upto a known volume so as 
to titrate it with standard EDTA. For sulphur and chlorine estimation, 
a known amount of the sample was decomposed in a platinum crucible and 
dissolved in water with a little concentrated nitric acid. The solution was 
then treated with either silver nitrate or barium chloride solution. The 
precipitate was dried and weighed. 
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Chapter 3 
Synthesis an characterization of the 
complexes of tetrazamacrocyclic 
diamides with Iron(II)y Cob alt (11), 
Nickel(II), Copper(II) 
& 
Zinc (II) as templates. 
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Metal template syntheses of multidentate and macromonocyclic 
maciocyclic ligands have been established over the last two decades offering 
high yielding and selective routes to new ligands and their complexes. The area 
of macrocyclic chemistry still remains an active research area and a variety of 
synthetic, kinetic and structural aspects of polyazamacrocyclic complexes'-^ 
have been explored. Macrocyclic polyamides of different ring sizes have been 
repoted by simple and convenient methods^'. However, in most cases the high 
dilution technique is employed for the cyclization process*. 
The complexes with tetraazamacrocyclic ligands have been used as mod-
els for natural products' ^  as well as catalysts^"^. Certain polyamide macrocycles" 
mimic naturally occuring cyclic ionophores in their ability to transport K^ and 
Na* ions across the lipophilic membrane. These can be designed to have many 
characteristics in common with metalloporphyrins, vitamin B,^ and chloro-
phyll. Special types of chemical reactivities can be sometimes induced by 
elegant complex design'*'^. The chemistry of transition metal macrocycles 
is extensive, particularly that of tetrazamacrocyclic complexes''*'*. The 
template'^ and non-template'^ syntheses of macrocycles with special 
reference to tetraazamacrocyclic coinplexes were reported. This chapter 
describe the syntheses and characterization of tetrazamacrocyclic diamides 
by the template condensation of o-bromoaniline, primary diamines and 
dicarboxylic acids. 
E X P E R I M E N T A L 
1,2-diaminoethane, 1,3-diaminopropane (E. Merck) and commercially 
pure samples of FeCl,, CoC1..6H,0, NiCU.GH.O. CuCU.2H,0 and ZnCl. 
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(all BDH) were used. Succinic acid (Loba Cheinie, India), phthalic acid 
(S. D's Fine Chemicals, India) glutaiic acid and o-bromoaniline (BDH) were 
used as received. Solvents were dried before use. 
Die hloro(2,3:8,9-dibenzo-11,14-dloxo-1,4,7,10-tetraazacy clo-
tetradecane)metal(]I) and Dichloro(2,3,:9,10-dibenzo-12,lS-dioxo-
l,4,8,ll-tetraazacyclopentadecane)metal(II), IML*CIJand|ML^CIJ[M = 
Fe", Co", Ni", Cu" and Zn"j. 
To a vigorously stirred mixture of o-bromoaniline (3.44 gm, 20 mmol) 
and 1,2-diaminoethane (0.6cnv\ 10 mmol)or 1,3-diaminopropane (0.74 cm^ 
10 mmol) in methanol (30 cm-*), a methanolic solution (20 cm-^ ) of metal 
salt (10 mmol) was added. This was followed by the addition of succinic 
acid (1.18 gm, 10 mmol) dissolved in methanol (20 cm"*). The reaction 
mixture was refluxed for about 8 hrs and the solid mass was isolated by 
filtration, washed several times with methanol and then with Et^O and dried in 
vacuo. 
Dichloro(2,3:8,9-dibenzo-l l ,15-diox 0-1,4,7,1 0-tetraazacyclo-
pentadecane)nietal(II) and Dichloro(2,3,:9,10-dibenzo-12,16-dioxo-
1,4,8,1 l-tetraazacyclopentadecane)metal(II), [ML^CIJ and (ML^'CIJ 
[M = Fe", Co", Ni", Cu" and Zn"J. 
To a vigorously stirred mixture of o-bromoaniline (3.44 gm, 20 mmol) 
and 1,2-diaminoethane (0.6 cm\ 10 mmol)or 1,3-diaminopropane (0.74 cm^, 
10 mmol) in methanol (30 cm^), a methanolic solution (20 cm-') of metal 
salt (10 mmol) was added. This was followed by the addition of glutaric 
acid (1.32 gm, 10 mmol) dissolved in methanol (20 cm') . The reaction 
mixture was refluxed for about 8 hrs and the solid mass was isolated by 
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filtration, washed several times with methanol and then with Et^O and dried in 
vacuo. 
Dichloro(2 ,3:8 ,9 :12 ,13- tr ibenzo-H,14-dioxo- l ,4 ,7 ,10- te tra-
azacyclotetradecane)metal(II) and Dichloro(2,3:9,10:13,14-tribenzo-
12,15-dioxo-l,4,8,ll-tetraazacyclopentadecane)metal (II), (ML*CIJ and 
[ML '^CIJ IM = Fe", Co", Ni", Cu» and Zn»] 
To a vigorously stirred mixture of o-bromoaniline (3.44 gm, 
20mmol)and 1,2-diaminoethane (0.6 cm\ 10mmol)or 1,3-diaminopropane 
(0.74 cm\ 10 mmol) in methanol (30 cm^), a methanolic solution (20 cm') 
of metal salt (10 mmol) was added. This was followed by the addition 
of phthalic acid (1.66 gm, 10 mmol) dissolved in methanol (20 cm'); 
The reaction mixture was refluxed for about 8 hrs and the solid mass 
was isolated by filtration, washed several times with methanol and then 
with EtjO and dried in vacuo. 
The IR spectra (4000-200 cm') were recorded as KBr discs on an 
IR 408 Shimadzu spectrophotometer. 'H NMR spectra in DMSO-d^ using a 
Bruker AC 200 E nuclear magnetic resonance spectrometer with Me^Si 
as an internal standard were obtained from GNDU, Amritsar, India. EPR spectra 
of solid complexes at room temperature were recorded on a Jeol 
JES RE2X EPR spectrometer. Electronic spectra ( 1 0 ' M solutions) in DMSO 
were recorded on a Pye-Unicam 8800 (Philips, Holland) UV-VIS 
spectrophotometer at room temperature. Magnetic susceptibility measure-
ments were determined at 25''C using a Faraday balance calibrated with 
Hg[Co(NCS)J and electrical conductivity data ( 1 0 ' M solutions) in 
DMSO were obtained with a Systronic type 302 conductivity bridge thermostated 
55 
at 25±0.1"C. The results of microanalyses were obtained 
from the microanalytical laboratory of CDRI, Lucknow, India, excepting 
the metals' ' and chlorides'" which were determined by reported methods. 
RESULTS AND DISCUSSION 
A new series of tetraazamacrocyclic diamide complexes [MLCI2] 
[M = Fe", Co", Ni", Cu" and Zn"; L = L'- L ]^ have been synthesized by 
the template reaction of o-bromoaniline and primary diamines followed by 
the addition of succinic acid or glutaric acid or phthalic acid in 2:1:1 molar 
ratio (Scheme 1). All complexes are stable in the atmosphere, 
polycrystalline, slightly soluble in DMF and MeCN and freely soluble 
in DMSO. Melting points and colours of all the complexes are shown in 
Table 1. Elemental analyses (Table 1) agree well with the proposed 
structure of the complexes as shown in Scheme 1. The molar conductance 
values measured in DMSO (10'' M) are indicative-' of the non-electrolytic 
nature of all these complexes. 
The prominent IR spectral results are shown in Table 2. In all complexes, 
a single sharp band in the 3200-3260 c m ' region belongs to 
the coordinated N-H stretching vibration of the secondary amine moiety^^. 
The absence of bands corresponding to the N-H stretching frequency of 
primary amino groups as well as the absence of the 0-H stretching 
frequency of the carboxylic group strongly suggests that the proposed ligand 
framework is formed. All macrocyclic diamide complexes show bands 
mainly in the regions 1690-1730, 1500-1530, 1240-1270 and 640-670 cm"' 
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which may be assigned to amide I [P(C=0)], amide II [i) (C-N) + S (N-H)], amide 
III [6(N-H)] and amide IV [t(C=0)] vibrations, respectively'. The presence of 
a sharp band around 370-410 cm"' and a medium bandin the region 300-270 
cm' may be due to M-N and M-Cl stretching vibrations, respectively. The other 
fundamental vibrations appeared at their expected positions. 
The EPR spectra of the polycrystalline copper(II) macrocyclic 
complexes were recorded at room temperature and their g and gj^  values 
have been calculated. A single broad signal with two g values, consistent 
with an axial symmetry (g >gj^ ) in the molecule, was exhibited. This 
suggests that d^i^,± is the ground state with the d'' (Cu^*) configuration-^ 
i.e. (eg)'' (a,g)' (b^g)^ (b,g)'. All macrocyclic copper(II) complexes gave g 
and gj^  values in the 2.140-2.153 and 2.052-2.059 ranges, respectively 
In the axial symmetry the exchange interaction measurements between the 
copper centres in the polycrystalline solids are expressed^" by G =(g - 2)/ 
(g^- 2). The calculated G values for the complexes appeared in the range 
2.50-2.90 which suggests a considerable exchange interaction in these 
solid complexes. No hyperfine splitting was observed due to the fact that 
the paramagnetic centres are not diluted. However, the extent of delocalization 
of the unpaired electron in the macrocyclic ligand could not be 
estimated due to the absence of certain information, such as the copper 
hyperfine coupling constant. 
The 'H NMR spectra of all tetraazamacrocyclic zinc(II) complexes re-
corded in DMSO-dg show two broad signals in the regions 8.38-8.49 and 6.05-
6.11 ppm which may be assigned to the amide (C-NH-C0;2H and 
C-NH-C;2H) protons, respectively''''^ A singlet in the region 3.27-3.3 1 ppm 
7(t 
and a multiplet in the region 3.20-3.24 ppm wa.s observed for the 
respective cojnplexes [ZnL'ClJ, [ZnL^ClJ, [ZnL^ClJ, and [ZnL''CJJ can be 
assigned to CO-(CH2)2-CO (4H) and CO-(CH2)3-CO (6H) protons^ 
respectively•'^^ A multiplet in the region 2.41-2.51 ppm was observed 
for the complexes [ZnL'ClJ, [ZnL'ClJ and [ZnL'ClJ which may be 
ascribed to N-CH^-CH^-N (4H) protons. In the macrocylic complexes 
[ZnL'ClJ, [ZnL^ClJ and [ZnL^Cl,] a singlet was observed in the region 
2.06-2.28 ppm which may be ascribed to the methylene C-CH,-C (2H) 
protons of the 1,3-diaminopropane moiety. A broad multiplet was observed 
in the region 6.90-7.26 ppm for all the zinc complexes corresponding-^^ to 
phenyl ring protons. However, the absence of primary amine or alcoholic 
protons again confirm the proposed framework. 
The electronic spectra of the iron(II) complexes recorded in 
DMSO (Table 3) show a weak intensity band in the 11,450-11,800 cm' 
region, which may reasonably be assigned to the 'T,—»'E transition, 
consistent-"' with an octahedral geometry around the iron(II) ion. 
The electronic spectra of the cobalt(ll) complexes gave two ligand field 
bands in the regions 21,800-22,100 and 13,800-14,300 c m ' which 
may be ascribed-"" to ''T,^(F)-*''T2g(P) and 'T,^(F)-*'A,^(F) transitions, re-
spectively, corresponding to an octahedral geometry around the 
cobalt(II) ion. A band below 11,100 cm' could not be recorded as it is 
beyond the range of the instrument used. The observed magnetic moment values 
for the above macrocyclic cobalt(ll) complexes appeared in the 
range expected for three unpaired electrons. 
The macrocyclic nickel(II) complexes show magnetic moments 
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around 3.12 BM, which corresponds to a spin-free complexes and the 
electronic spectra show three distinct bands consistent with the spectral 
features of octahedral nickel(II) complexes. The two intense 
bands around 27,500-27,800 and 20,100-20,500 cm' and one broad 
band around 11,100-11,250 cm"' may reasonably be assigned to 
^A,/F)->?T,/P), ^AJF)-^^T,^(F) and ^AJF)_^^T,/F)transitions, respec^ 
tively. 
The electronic spectra of the macrocyclic copper(II) complexes 
show a broad band maxima in the region 19,800-20,500 c m ' with a 
shoulder in the region 16,200-16,400 cm' which may be ascribed to 
'B,—*^E and 'Bj—^^62 transitions, respectively, corresponding-" to a dis-
torted octahedral geometry around the copper(II) ion. The magnetic moment 
values further support the above proposed geometry. All the 
macrocyclic complexes exhibit a high intensity band around 33,300 c m ' which 
is characteristic of L—^M charge transfer excitation. 
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Chapter 4 
Template synthesis of 
tetraazamacrocyclic 
complexes bearing 
polyamide 
groups and their characterization. 
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Naturally occuring transition metal complexes of macrocyclic 
ligands have been studied for many years'. The recent interest have been 
stimulated by their catalytic properties which have led to industrial 
applications'"'. The amide macrocyclic complexes are of special interest 
since they can function as catalysts in many organic oxidation reactions'*'. 
Lindoy and co-workers have made elegent studies on ligand design and 
metal ion recognition of polyaza and mixed polyazamacrocyclic 
complexes. Macrocyclic polyamides of different ring sizes are now 
readily available by convenient methods as already reported'""'\ The 
metal template synthesis is found to direct the steric course of the 
condensation reaction resulting in the ring closure'"". This chapter deals 
with the synthesis of tetraazamacrocyclic complexes bearing poly amide groups 
derived from the condensation reaction of o-aminobenzoic acid 
with primary diamines and dicarboxylic acids. 
E X P E R I M E N T A L 
The metal salts FeCl^, CoCl,.6H20, NiCl2.6H20, CuCl^.lH^O and 
ZnClj (all BDH) were commercially available pure samples. The 
chemicals 1,2-diaminoethane and 1,3-diaminopropane (E.Merck) were 
used as received. The chemicals o-aminobenzoic acid, phthalic acid 
(S.D's Fine Chemical, India) and glutaric acid (BDH) were used as received. 
Synthesis of Dichloro (2 ,3 :10 ,11:14 ,15- t r iphenyl -4 ,9 ,13 ,16-
tetraoxo 1,5,18,12, tetraazacyclohexadecane) metal(ll) (ML'CijJ |M=Fe", 
Co", Ni" and Zn"j and (2,3:10,ll:14,15-triphenyl-4,9,13,16-tetraoxo-
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1,5,8,12-tetraazacyclohexadecane) copper(Il) chloride [CuL'JCIj. 
A mixture of o-aminobenzoic acid (5 mmol) and 1,2-diaminoethane (0.15 
cm^2.5 mmol) dissolved in 50 cm' methanol was taken in a 250 cm-^  round 
bottom flask and refluxed for about 3 hrs. This was followed by 
the addition of hot methanolic solution of the metal salts (2.5 mmol). 
A methanolic solution (-25 cm') of phthalic acid (0.42 gm, 2.5 mmol) was then 
added and the resultant mixture was refluxed for a total of 7 hrs. The 
solid product thus produced was filtered, washed with methanol and 
dried in vacuo. 
Synthesis of Dichloro (2,3:11,12:15,16-tr iphenyl 4,10,14,17-
tetraoxo-l,5,9,13-tetraazacycloheptadecane) metal(II) [ML^Clj] [M = Fe", 
Co", Ni" and Zn"] and (2,3:11,12:15,16-triphenyl-4,10,14,17-tetraoxo-
1,5,9,13-tetraazacycloheptadecane) copper(II) chloride [CuL^]Clj. 
A mixture of o-aminobenzoic acid (5 mmol) and 1,3-diaminopropane 
(0.18 cm', 2.5 mmol) dissolved in 50 cm' methanol was taken in a 
250 cm' round bottom flask and refluxed for about 3 hrs. This was 
followed by the addition of hot methanolic solution of the metal salts 
(2.5 mmol). A methanolic solution (-25 cm') of phthalic acid (0.42 gm, 2.5 
mmol) was then added and the resultant mixture was refluxed for a total 
of 7 hrs. The solid product thus produced was filtered, washed with 
methanol and dried in vacuo. 
Synthesis of Dichloro (2,3:10,ll-diphenyl-4,9,13,17-tetraoxo-
1,5,8,12-tetraazacycloheptadecane) metal(II) jML'CIJ (lVl=Fe", Co", 
Ni" and Zn") and (2,3:10,ll-diphenyl-4,9,13,17-tetraoxo-l,5,12-tetraaza-
cycloheptadecane) copper(ll) chloride (CuL^jCI . 
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A mixture of o-aniinobenzoic acid (5 mmol) and 1,2-diaminoethane (0.15 
cm\ 2.5 mmol) dissolved in 50 cm^ methanol was taken in a 250 cm-^  round 
bottom flask and refluxed for about 3 hrs. This was followed by 
the addition of hot methanolic solution of the metal salts (2.5 mmol). 
A methanolic (~ 25 cm^) of glutaric acid (0.33 gm, 2.5 mmol) was then 
added and the resultant mixture was refluxed for a total of 7 hrs. The 
solid product thus produced was filtered, washed with methanol and 
dried in vacuo. 
Synthesis of Dichloro (2,3:10,ll-diphenyi-4,9,13,17-tetraoxo-
1,5,8,12-tetraazacycloheptadecane) metal(II) (ML'CIJ (M=Fe", Co", 
Ni" and Zn"] and (2,3:10,ll-diphenyl-4,9,13,17-tetraoxo-l,5,12-tetraaza-
cycloheptadecane) copper(ll) chloride ICuL^JClj. 
A mixture of o-aminobenzoic acid (5 mmol) and 1,3-diaminopropane 
(0.18 cm\ 2.5 mmol) dissolved in 50 cm^ methanol was taken in a 250 cm^ 
round bottom flask and refluxed for about 3 hrs. This was followed by 
the addition of hot methanolic solution of the metal salts (2.5 mmol). 
A methanolic solution (-25 cm-') of glutaric acid (0.33 gm, 2.5 mmol) was then 
added and the resultant mixture was refluxed for a total of 7 hrs. The 
solid product thus produced was filtered, washed with methanol and 
dried in vacuo. 
The elemental analyses for carbon, hydrogen and nitrogen were 
obtained from CDRI, Lucknow, India. 'H NMR spectra in DMSO-d^ using 
a Bruker AC 200 E spectrometer with Me^Si as an internal standard 
were obtained from GNDU, AmritsaiL todjprMetals and Chloride were deter-
mined volumetrically"" ^d,gravimetr icaTlyjA respecti\ ely. The IR 
T * f -ict: No. ' ^ ^ 
L^ i /-k^BS. )S 
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spectra (4000-200cni"') were recorded as KBr discs on an IR 408 
shiniadzu spectrophotometer. The electronic spectra of compounds in 
DMSO were recorded on a Pye-Unicam 8800 spectrophotometer at 
room temperature. EPR spectra were recorded on a Jeol JES RE2X 
EPR spectrometer. The electrical conductivities of 10"^  M solution in 
DMSO were obtained on a Systronic type 302 conductivity bridge 
equilibrated at 25 °C. Magnetic susceptibility measurements were carried 
out using a Faraday balance at 25°C. 
RESULTS AND DISCUSSION 
A new series of tetraamide tetraazamacrocyclic transition metal 
complexes were prepared by the template action of metal ions as shown 
in scheme 1. Attempts to prepare the metal free macrocyclic ligands in 
methanol led only to oily products which could not be isolated and 
analysed. However, when the reaction was carried out in the presence of 
metal ions, solid complexes of the macrocycles were obtained in good 
yield (~ 75%). The synthesis was remarkably facile and proceeds 
smoothly. All the complexes prepared here have 1:1 metal to ligand 
stoichiometry (Table 1). Almost all the complexes exhibit high melting 
points (> 325°C). All the complexes show non-electrolytic nature'^ in 
DMSO except copper which shows 1:2 electrolytic nature. 
The IR spectra of all the complexes (Table 2) show bands mainly 
in the regions 1670-1730, 1450-1520, 1240-1285 and 650-675 c m ' 
which may be assigned to amide I [v(C=0)], amide II [v(C-N) + 5(N - H)]; 
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amide III [S(N-H)] and amide IV [4'(C=0)] vibrations, respectively'". 
All the complexes gave a single sharp secondary amine group peak, )>(N-H) 
at 3220-3260 cm' which is found to be lower by 40-60 cm' than the 
analogous metal free tetraaza ligands". This indicates that the amide 
nitrogens are involved in coordination to the metal ions. This has been 
further supported^" by the appearance of a medium intensity band in the 
region 330-380 cm' in the spectra of all the complexes assignable to 
j)(M-N) vibration. Bands appearing in the region 1410-1460, 1070-1100 and 
720-740 cm' are the usual modes of phenyl ring vibrations'". The above 
information and the absence of bands characteristic to primary amine or 
alcoholic groups provide strong evidence for the formation of the 
proposed macrocyclic framework. However, all the complexes, other 
than those of copper, display bands in the region 265-310 cm' assignable^'-^^ to 
(M-Cl) stretching vibrations. 
The 'H NMR spectra of all the zinc(II) complexes show a broad signal 
at 8.12 - 8.36 ppm, which may be assigned^^ to amide C0-NH(4H) protons. 
All the complexes show a multiplet in the 3.20-3.50 ppm region, 
corresponding" to CO-NH-CH2(4H) protons. The complexes of the type 
[ZnL^ClJ, [ZnL'ClJ and [ZnL^ClJ show a multiplet in the region 
2.16 - 2.20 ppm, corresponding^^ to the middle CH2(4H) protons of 
the propane chain. All the zinc complexes show a multiplet in the region 
7.18 - 7.30 ppm due to phenyl ring protons^'. However, no signal could 
be observed for the primaiy amine or alcoholic protons. 
The X-band E.P.R spectra of microcrystalline samples of [CuL']Cl„ 
[CuL^]Cl„ [CuL-']Cl, and [CuL^JCl, at room temperature were recorded 
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and their g^^ and g, values were calculated. However, none of the 
complexes gave hyperfine splitting, which may be due to the strong dipolar and 
exchange interactions between copper(Il) ions in the unit cell, and a 
single broad signal was observed. The present complexes gave g and g, values 
in the regions 2.14 - 2.22 and 2.04 - 2.09, respectively, which 
indicate^"* essentially a d^ 2 2 ground state for the copper(II) ion. Proctor 
and coworkers have postulated^' that the magnitude of the ratio G=(g -2)/ 
(g -2) indicates the possibility of exchange interaction in the copper(ll) com-
plexes. The G values for the present complexes fall in the range 
2.00-3.50, (G < 4) which indicates considerable exchange interaction in 
the solid complexes. All the copper complexes shows considerable 
covalent character as the g values^* are less than 2.3. 
The electronic spectra of iron(II) macrocyclic complexes exhibit 
a weak intensity band in the 11,500 - 11,650 cm' region, which may, 
reasonably, be assigned" to the 'T^ -> *E transition, consistent with 
an octahedral geometry around the iron(ll) ion. 
The observed magnetic moment values for the cobalt(II) 
macrocyclic complexes appeared in the range expected for three unpaired 
electrons (Table 3 ) . The electronic spectra of cobalt(II) complexes 
showed two bands in the 14,200 - 14,650 and 21,350 - 21,700 cm' 
regions which may reasonably be assigned^^'* to the *T, (F) -> ^A^ (F) 
and ^A, (F) -> •* T., (P) transitions, respectively suggesting an octahedral geom-
etry around the cobalt(II) ion. 
The macrocyclic complexes derived from nickel(II) exhibit two 
bands in their electronic spectra in the regions 14,900 - 15,800 and 
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23,750- 25,000 cm' and may be assigned" to 'A^^ CF) -> 'T,^(F) and 'A^^if) 
-> 'T,^(P) transitions, respectively suggesting an octahedral geometry 
around the nickel(II) ions. 
The electronic spectra of all the copper(II) chloride complexes 
showed a broad band centred at 16,000 cm' assignable" to ^Bj -> 
^A, transitions. However, two weak shoulders appearing in the regions 
21,100 - 22,250 and 11,600 - 12,500 cm"' may be ascribed to ^B, -^ ^E 
and ^Bj^ -^ -B^^ transitions, respectively suggesting a square planar 
geometry around the copper(II) ions. The magnetic moment values further 
confirm the above proposed geometry. 
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Chapter 5 
Synthesis, characterization and 
electro-chemical studies of a series 
of 14 & 16 membered pendent 
armed hexaazamacrocyclic 
complexes. 
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The chemistry of inacrocylic compounds is a rapidly developing 
area in view of their various application'^. It is well established that 
multidentate macrocyclic ligands display unique and exciting chemistry 
in that they can stabilize unusual oxidation states of metal ions or they 
can function as receptors for substrates of widely differing physical and 
chemical properties'^. The redox properties of macrocyclic complexes 
are of considerable interest because of their relationship to molecules 
of biological importance. For example, with copper, the predominent 
interest has been in oxidation'•^ Olson and Vasilevskis^ have electrochemically 
oxidized a copper complex of a macrocyclic tetraamine to give a moderately 
stable copper(III) complex. The relat ionship of the chemis t ry 
of the copper(II)/copper(I) redox couple to copper biochemistry has also 
been discussed'"^. Although many macrocyclic complexes have been used 
as catalysts, most of the known macrocyclic copper (II) complexes exhibit 
irreversible electrochemistry, and unstable copper(I) or even copper(O), spe-
cies are produced upon reduction^"^*. 
Among the polyazamacrocycles, the tetraaza groups have been the 
most extensively studied. Pentaaza and higher polyazamacrocycles have begun 
to appear more frequently, particularly in view of the potential of 
larger macrocycles to bind more than one metal ion"'^. A large number of 
macrocyclic complexes have been prepared'^ '"• by the template condensation 
reaction of primary diamines, aldehydes and ammonia and in particular, form-
aldehyde has been utilized for cyclization to link two amine 
moieties'- "'. Bernhardt and co-workers'^ have isolated various pendent arm 
macrocycles and studied their conipiexation properties. This chapter deals with 
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the synthesis and electroanalytical properties of a series of 14 and 
16-membered pendent-armed macrocyclic complexes attained by the 
template condensation reaction of formaldehyde and ethylenediamine or 
propylenediamine with acetamide or benzidine. 
EXPERIMENTAL 
1,2-diaminoethane, 1,3-diaminopropane, formaldehyde and metal 
salts FeCl,, C0CI2.6H2O, NiCl^GUp, CUCI2.2H2O and ZnCl^ were obtained 
form E.Merck. The chemicals benzidine and acetamide is of SD's Fine chemi-
cals quality. 
Synthesis of d ichloro | l ,8 -b is (b iphenylamino)- l ,3 ,6 ,8 ,10 , 
13-hexaazacycIotetradecane] metal(II), [ML"CIJ(M= Fe",Co",Ni",Cu" 
andZn"). 
1,2-diaminoethane (0.65 cm\ 10 mmol) was injected into a solution 
of metal chloride (5 mmol) dissolved in 30 cm^ methanol with continuous 
stirring at room temperature. Aqueous formaldehyde (2 cm\ 20 mmol) was 
then added dropwise with continuous stirring. To the reaction mixture 
benzidine (1.84 gm, 10 mmol) dissolved in minimum quantity of methanol 
was added at room temperature, which changed the colour of the solution. 
The solution was stirred overnight giving a solid material which was 
filtered off, washed with methanol, vacuum dried and kept in a desicator. 
Synthesis of dichloro | l ,9 -bis (biphenylamino)- l ,3 ,7 ,9 , l l ,15-
hexaazacyclohexadecane] metal(II), [ML^CIJ (M= Fe'^Co",Ni",Cu" and 
Zn"). 
1,3-diaminopropane (0.74 cm\ 10 mmol) was injected into a solution 
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of metal chloride (5 inmol) dissolved in 30 cm^ methanol with continuous 
stirring at room temperature. Aqueous formaldehyde (2 cm\ 20 mmol) was 
then added dropwise with continuous stirring. To the reaction mixture 
benzidine (1.84 gm, 10 mmol) dissolved in minimum quantity of methanol 
was added at room temperature, which changed the colour of the solution. 
The solution was stirred overnight giving a solid material which was 
filtered off, washed with methanol, vacuum dried and kept in a desicator. 
Synthesis of dichloro (l,8-bis(aceto)-l,3,6,8,10,13-hexaazacyclo-
tetradecanej metal(II), [ML^CiJ (M=Fe",Co''Nl",Cu" and Zn"). 
1,2-diaminoethane (0.65 cm-\ 10 mmol) was injected into a solution 
of metal chloride (5 mmol) dissolved in 30 cm^ methanol with continuous 
stirring at room temperature. Aqueous formaldehyde (2 cm\ 20 mmol) was 
then added dropwise with continuous stirring. To the reaction mixture 
acetamide (1.84 gm, 10 mmol) dissolved in minimum quantity of methanol 
was added at room temperature, which changed the colour of the solution. 
The solution was stirred overnight giving a solid material which was 
filtered off, washed with methanol, vacuum dried and kept in a desicator. 
Synthesis of dichloro (l,9-bis(aceto)-l,3,7,9,ll ,15-hexaaza' 
cyclotetradecanel metal(II), (ML^CIJ (M=Fe",Co';Ni",Cu" and Zn"). 
1,3-diaminopropane (0.74 cm^ 10 mmol) was injected into a solution 
of metal chloride (5 mmol) dissolved in 30 cm' methanol with continuous 
stirring at room temperature. Aqueous formaldehyde (2 cm\ 20 mmol) was 
then added dropwise with continuous stirring. To the reaction mixture 
acetamide (1.84 gm. 10 mmol) dissolved in minimum quantity of methanol 
was added at room temperature, which changed the colour of the solution. 
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The solution was stirred overnight giving a solid material which was 
filtered off, washed with methanol, vacuum dried and kept in a desicator. 
The elemental analyses for carbon, hydrogen and nitrogen were 
obtained from CDRl, Lucknow, India, 'H NMR spectra in DMSO-d^ using 
a Bruker AC 200E spectrometer with Me^Si as an internal standard were 
obtained from GNDU, Amritsar, India. The estimation of halogen was done 
gravimetrically'* and the metals were estimated by titrating with standard EDTA 
solution'^. The IR spectra (4000 - 200 cm') were recorded as KBr discs on an 
IR 408 Shimadzu spectrometer. The electronic spectra of compounds in DMSO 
were recorded on a Pye-Unicam 8800 spectrophotometer. EPR spectra of solid 
complexes at room temperature were recorded on a Jeol JES RE2X EPR 
spectrometer. Magnetic susceptibility measurements were carried out using a 
Faraday balance at 25°C calibrated with Hg[Co(NCS)J. The electrical conduc-
tivities of 10"' M solutions in DMSO were obtained on a Systronic type 302 
conductivity bridge equilibrated at 25 ± 0.1°C. Cyclic voltammograms were 
recorded using an EG and G PAR model 174 XY recording system referenced 
to Pt electrode versus saturated calomel electrode (S.C.E.) using Bu^NClO^ as 
the supporting electrolyte in DMSO. 
RESULTS A N D DISCUSSION 
Novel hexaazamacrocylic complexes of the type [ML 'Cl j ] , 
[ML^C1J,[MLT1J and [ML^Cl J (M=Fe", Co", Ni", Cu" and Zn") were obtained 
by employing the metal template condensation reaction of 1,2-diaminoethane 
or 1.3-diaminopropane, formaldehyde and benzidine or acetamide in 1:2:1 
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molar ratio in methanol medium, thereby signifying the important role of the 
metal ion in the cyclization process . However, an 
attempt to synthesize the metal-free 14- and 16-membered hexaaza-
macrocyclic ligands by the condensation reaction of aliphatic primary dia-
mines formaldehyde and benzidine or acetamide did not prove to be 
successful. 
The results of elemental analyses suggest that the proposed 
macrocyclic complexes have 1:1 metal to ligand stoichiometry, as shown in 
Scheme 1. All the compounds are found to be polycrystalline in nature, slightly 
soluble in DMF and MeCN, freely soluble in DMSO and insoluble 
in water, acetonitrile, dioxane etc. The molar conductance values of all the 
compounds are in the range 11-22 cm^ohm'mol', which indicate^" that 
they are non-electrolytes in DMSO (Table 1). 
The preliminary identification of the macrocyclic complexes has 
been inferred from the IR spectra. The main bands and their assignments 
are listed in Table 2. The IR spectra of the macrocyclic complexes of the 
type [ML'CIJ and [ML^CIJ do not show any peak corresponding to a 
carbonyl group, instead, a new single, sharp, medium intensity band 
appeared in the region 3250-3210 cm', which can be attributed^' to the 
N-H stretching mode of the coordinated secondary amines. This strongly 
suggests that the proposed ligand framework is formed. However, the 
appearance of a doublet at 3380-3350 cm' may be due to the N-H stretching 
frequency of the primary amino groups of the benzidine moiety in the macro-
cyclic complexes. The bands corresponding to phenyl group 
vibration appeared at their expected positions (Table 2). 
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The IR spectra of all the macrocyclic complexes of the type 
[ML-'CIJ and [M L''C1 J showed no bands con esponding to primary amine stretch-
ing vibrat ions which indicates that the proposed condensation 
has occurred. All the complexes show bands in the 1710-1690 c m ' 
regions, which may, reasonably, be assigned to (C = 0 ) stretching modes. 
The IR absorption bands in the 2950-2880 and 1470-1410 c m ' 
regions observed in all the macrocyclic complexes may unambiguously 
be, assigned to the C-H stretching and C-H bending vibrational modes, respec-
tively. The presence of a sharp band at 450-380 c m ' in all the 
macrocyclic complexes is due to the M-N stretching vibrations^'. However, 
a medium band in the frequncey region 300-250 cm' has been assigned 
as an M-Cl stretching vibration. 
The 'H NMR spectra (Table-4) of all the Zn" macrocyclic complexes show 
a multiplet in the 6.05-6.38 ppm region, corresponding^-^ to the 
secondary amino protons (C-NH, 4H). Two multiplets observed at 2.41-
2.54 and 2.93-3.10 ppm regions can be attributed to the methylene protons 
(N-CH2-CH,-N,8H and N-CH2-N,8H) of primary amines and aldehydic 
moiety, respectively. The NMR spectra of [ZnL'Cl2] and [ZnL^ClJ showed two 
broad multiplet around 3.98 and 7.15 ppm can be assigned^* to 
primary amino protons of benzidine moiety and aromatic ring protons, 
respectively. The complexes [ZnL'ClJ and [ZnL'^ Cl.,] gave a multiplet at 
2.54 ppm, corresponding-' to the middle methylene protons (C-CH2-C,4H) 
of the 1,3-diaminopropane moiety. 
The EPR spectra of all the polycrystalline copper(II) macrocyclic 
complexes were recorded at room temperature and their g and g values 
Il l 
have been calculated. All the complexes gave only a single broad signal 
with two g values (Table 3). The absence of hyperfine splitting in these 
compounds may be due to the strong dipolar and exchange interactions between 
copper(II) ions in the unit celF^. In a d^ 2 2 ground s ta te , the 
EPR spectrum should give g||>gj^>2.02 in most cases" whilst a d^ 2 
ground state usually gives a spectrum with g^^ > g^  ~ 2.02. The present macro-
cyclic complexes studied here shows g^  and g values in the 
2.149 - 2.155 and 2.050 - 2.058 ranges, respectively, which suggests that 
the ground state may be d^ 2 2^. In axial symmetry, the g vlaues are 
related-^^ by the expression G=(g -2) / g,-2), which measures the exchange 
interaction between copper centres in the polycrystalline solid. The 
calculated G values for the present complexes appeared in the range 
2.56 - 3.10, which suggest, the existence of a considerable exchange 
interaction in these solid complexes. All the complexes show g < 2.3. 
It should be noted^^ that for an ionic environment g > 2.3 while for a 
covalent environment g < 2.3, indicating that the present complexes 
exhibit considerable covalent character. 
The electronic spectra (Table 3 ) of iron(II) complexes exhibit 
a weak intensity band in the 11,500 -11,700 cm' region, which may, 
reasonably, be assigned to the 'T^ -> 'E transition, consistent^^ with an 
octahedral geometry around the iron(II) ion. The observed magnetic moment 
values for the macrocyclic cobalt(II) complexes appeared in the range 
expected for three unpaired electrons (Table 3) The electronic spectra of 
cobalt(ll) complexes gave two bands in the regions 21,900 - 22,310 and 
17,200 - 17.800 cm-' which maybe ascribed"-'" to 'T,^(F) -> 'T,^,(P) and 
U2 
•"T (F) -^ ^A, (F) transitions, respectively, consistent with an octahedral geom-
etry. The macrocyclic complexes of nickel (II) show magnetic moments of 3.12 
B.M., which corresponds to a spin free complex, and the electronic spectrum 
shows three distinct bands, consistent'" with the spectral features 
of octahedral nickel(ll) complexes. The broad band around 11,000 - 11,400 
cm ' and two intense bands around 20,000 -20,900 and 27,100 - 27,600 cm' 
may, reasonably, be assigned to A^^ C^F) -> -^ T^ C^F), ^A^^ CF) ->'Tj (F) and 
"A^ (F) ->-'T, (P) transitions, respectively. 
The electronic spectra of macrocyclic copper(II) complexes show 
a broad band maximum in the region 19,200 - 19,600 cm' with a shoulder 
in the region 16,100 - 16,500 cm' which may, unambiguously, be assigned 
to ^B, -> 'E and ^B, -^ ^B^ transition, respectively corresponding^" 
to a distorted octahedral geometry around the copper(II) ion. The magnetic 
moment values further confirm the above proposed geometry. Strikingly, 
all the macrocyclic complexes exhibit strong absorption around 30,000 cm' , 
which maybe due to a charge transfer band. 
The cyclic voltammograms for [CuL'ClJ and [CuL-'ClJ in DMSO 
using Platinum Electrode versus Standard Calomel Electrode 
(S.C.E.) at room temperature at a scan rate of 100 m V s ' is shown in 
Fig. 1. Two well defined chemically irreversible reduction waves were observed 
and these are referred to as process U, (less negative) and U^ 
(more negative) in the subsequent discussion. In the cyclic voltammogram 
no cathodic peak is directly associated with the anodic peak. The large 
anodic peak appeared at -0.13 and -0.10 V for [CuL'ClJ and [CuL'ClJ, 
respectively, and the peak current did not change with variation in scan 
u, 
s.o 
2.0 
10 
0.0 
-1-0 
^ / / ^ 
'l>9 
-1.0 
1.C 04 
a. 
0.6 04 0^ 0.0 -02 
E/V vs. SCE 
-04 -0-6 -0-t -M> 
3 Figure 1. Cyclic voltammograms of [CuL Cl^] ( ) and 
tCuL*"ci,] ( ) (10"\ol dm'"') in DMSO, 
-3 -3 Supporting electrolyte, 10 mol dm Bu.N.ClO., 
-1 4 4 
Scan rate 100 mVs . 
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rate from 50 to 100 mVs' . The copper(ll) complexes exhibited two 
irreversible cathodic peaks -0.74 (U,) and -0.93V(U2) for [CuL'ClJ and -
0.71 (U,) and -O.POVCU )^ for [CuL'^ClJ with single irreversible anodic peak. The 
occurance of two reduction waves with a strong anodic peak 
indicates that the reduction of Cu" occurs with two one-electron charge 
transfer steps as Cu" -> Cu' -> Cu", Whereas the anodic wave is consistent 
with a one-step two electron oxidation process as Cu" -> Cu" + 2e". The relative 
peak heights of the cathodic waves Uj and U^ remains unaltered 
with change of scan rate from 50 to 100 m V s ' . This property is 
consistent ' ' with U, corresponding to Cu" -^ Cu' followed by U., 
corresponding to Cu' —> Cu". It is therefore suggestive of the non involvement 
of any fixed valence binuclear species in these electrochemical reduction 
process. Both the 14 (equation a-c) and 16-membered (equation d-f) 
copper(II) macrocyclic complexes did not show considerable change in 
their cyclic voltammograms. The possible explanations for the complete elec-
trochemical pathways in the +1.0 to -1.2 V may be proposed as shown in 
Scheme-2. 
[CuL'ClJ + e - ^ [CuVO] (a) 
[CuL-'ClJ + e- ^ [CuL ]^ (b) 
[CuL^] -> [CuL'ClJ +2e- (c) 
[CuL^Cl,] + e- ^ [CuL^Cl] (d) 
[CuL^ClJ + e- -^ [CuL ]^ (e) 
[CuL^] ^ [CuVCl]+2e- (f) 
Scheme -2 
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A facile copper( l l ) / copper(I) electrochemical reduction is 
observed in these complexes whereas the copper(ll) / copper(lll) oxidation 
process seems unlikely to occur and hence the present macrocyclic 
complexes have the property to stabilize +1 oxidation state rather than 
the +3 state, as shown by quadri and quinquedentate amine macrocycles"'^'*. In 
majority of case (with significant exceptions) the copper(I) species 
has a limited lifetime in solution which leads to its reduction to copper 
metal. These features suggest that the present macrocyclic complexes have 
more difficulty to fit in the smaller Cu'" ion indicating that the cavity 
size is little larger than the analogous macrocycles which encourage to 
attain the lower oxidation state of the copper ion Cu' while resulted Cu'" 
process proceeds with difficulty whereas Cu" —> Cu' process is favoured. 
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Chapter 6 
Synthesis and physico-
chemical studies of 
h eterobin uclear 
hexaazamacrocyclic 
complexes incorporating tin(IV) 
and transition metal(n) ions 
as templates. 
I IK 
The design and sysnthesis of dinucleating ligands and their metal complexes 
has been the subject of much recent interest^^ and was 
mostly related to transition metal ions. Certain dinuclear transtion 
metal complexes have been prepared by using the transmetallation 
technique^ The metal template effect is well documented for divalent 
transition metal ions and has been extended to include alkali and alkaline 
earth metals and main group metal cations. Recently, Belcher and 
coworkers^ have reported tin(IV), germanium(IV) and silicon(IV) 
complexes of tetraazamacrocycles. Within the main group elements, 
interest in tin(II) and tin (IV) oxa, thia and azamacrocyclic derivatives 
have been exploited. Although several crown ether complexes of tin 
halides and pseudohalides' have been isolated and spectroscopically 
evaluated earlier, the first real focus on the structural chemistry of 
such compounds was in 1984 with the crystal structural determination 
of SnCl/H.O)^. 18-crown-6-(2H20)^CHCl, and [SnMeXljCHp)], 18 crown-
6^ In both of the above two complexes, the 18-crown-6-(l,4,7,10,13,16-
hexaoxacyclooctadecane) ligand acts as a second-sphere ligand and is 
bound indirectly to the metal via extensive hydrogen bonding. 
There is a variety of synthetic methods available for the formation 
of transition metal tin compounds and many experimental techniques 
*have been utilized to study the various properties of these complexes*'. 
Although a few reports on tin macrocycles are known, the chemistry of 
heterobinuclear complexes with tin and transition metal ions in the 
macrocyclic cavity has not been developed. This chapter deals with 
the preparat ion and characterization of a new series of Sn(lV) 
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macrocyclic complexes, [R^SnMLX^] when M= Ni", Cu" and Zn"; X=CI or 
NO,, L = hexaazamacrocycle, L=L'-L\ R=CH, or C^H ,^ obtained from 
the template condensation reaction of diethylenetriamine with diketones. 
EXPERIMENTAL 
The metal salts NiCl^.eHp, Ni(N03)2.6H A CUCI2.2H2O, Cu(NO,)2.2H,0^ 
ZnCl^ and Zn(N0,)2 6H2O were of BDH quality. Diethylenetriamine was 
used as supplied by Koch-Light. Glyoxal, biacetyl, dimethyltin(IV) 
dichloride and diethyltin(IV) dichloride were used as supplied by Aldrich. 
Synthesis of Dicholoro/nitrato (8 ,9 ,17 ,18-tetrahydro- l ,4 ,7 , 
10,13,16-h ex aazacyclooc tad ecane-7 ,9 ,16,18-tetraene) ii ietal(II)-
dimethyltin(IV), [R^SnML'XJ (M=NI", Cu" and Zn"; X=CI or NO3). 
A mixture of diethylenetriamine (2.20 cm-*, 20 mmol) and glyoxal 
(1.16 gm, 20 mmol) in methanol (-150 cm^) was stirred with gentle 
heating (-50°C). Then a hot methanolic solution ( -50 cm-"') of metal(ll) 
salt (10 mmol) and dimethyltin(lV) dichoride(2.20 gm, 10 mmol) was 
added slowly and the resulting mixture stirred for about 10 hrs. The 
solid product obtained by filtration was recrystallised from ethanol and 
dried in vacuo. 
Synthesis of Dicholoro/nitrato (8 ,9 ,17,18-tetramethyl- l ,4 ,7 , 
10,13,16-hexaazacycloocatadecane-7,9,16,18-tetraene) metal(II) 
dimethyltin(IV) [R^SnlVlL^XJ (M=Ni", Cu" and Zn"; X=CI or NO3) 
A methanolic solution (-50 cm") of metal(Il) salt (10 mmol) was 
added slowly to the hot stirred mixture of diethylenetriamine (2.20 cm\ 
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20 mmol) and biacetyl (1.72 gm, 20 mmol) in methanol (~ 150 cm"*). The 
crystal l ine solid which formed was recovered by filtration and 
recrystallised from ethanol and dried in vacuo. 
Synthesis of Dicholoro/nltrato (8,9,17,18-tetramethyl- l ,4 ,7 , 
10,13,16-hexaazacycloocatadecane-7,9,16,18-tetraene) met a I (I I) 
dimethyltin(IV) jR^SnlVlL^l (M=Ni", Cu" and Zn»; X=CI or NO,) 
To a stirred methanolic solution (~ 150 cm') of diethylenetriamine 
(2.20 cm\ 20 mmol) and glyoxal (1.16 gm, 20 mmol) was added slowly 
a methanolic solution (~ 50 cm"*) of metal(II) slat (10 mmol) and 
diethyltin(IV) dichloride (2.48 gm, 10 mmol). The polycrystalline solid 
product formed was collected by filtration and recrystallised from ethanol 
and dried in vacuo. 
Synthesis of Dicholoro/nitrato (8,9,17,18-tetramethyl- l ,4 ,7 , 
10,13,16-hexaazacycloocatadecane-7,9,16,18-tetraene) nietal(II) 
dimethyltin(IV) [R^SnlML^] (M=Ni", Cu" and Zn"; X=CI or NO,). 
A methanolic solution (~ 50 cm") of metal(II) salt (10 mmol) and 
diethyltin(IV) dichloride (2.48 gm, 10 mmol) was added to a hot mixture of 
diethylenetriamine (2.20 cm\ 20 mmol) and biacetyl (1.72 gm, 20 mmol) 
in methanol (~ 150 cm'). The resulting mixture was stirred magnetically 
for about 10 hrs leading to the isolation of a microcrystalline solid 
compound. The product thus obtained was recrystallised from ethanol and 
dried in vacuo. 
Elemental analyses were made by the microanalytical laboratory 
of CDRI. Lucknow, India. 'H NMR spectra in DMSO-d^ using a Bruker 
AC 200 E nuclear magnetic resonance spectrometer with Me Si as an 
121 
internal standard were obtained from GNDU, Amritsai. India. Metals, tin 
and chlorides were determined volumetrically'*' and gravimetrically", 
respectively. IR spectra (4000 - 200 cm') were recorded As KBr discs 
on a perkin Elmer-621 spectrophotometer. Electronic spectra in DMSO 
were recorded on a Pye-Unicam 8800 spectrophotometer at room 
temperature. EPR spectra were recorded on a Jeol JES RE2X EPR 
spectrometer. Magnetic susceptibility measurements were carried out 
using a Faraday balance at 25°C. The electrical conductivities of 10-^  M 
solution in DMSO were obtained on a Systronics type 302 conductivity 
bridge equilibrated at 25±0.1°C. 
RESULTS AND DISCUSSION 
Binuclear macrocyclic complexes of L'-L" have been synthesized 
by template condensation of diethylenetriamine with glyoxal and 
biacetyl, respectively, using transition metal ions and dialkyltin(IV) 
dichloride in methanol. The purity of all the compounds have been 
checked by established TLC technique by dissolving the corresponding 
compounds in DMF using ethylacetate-methanol (6:3 v/v) as eluent. Only one 
spot was observed in each case after developing in an iodine chamber, 
indicating that the compounds were pure and homogeneous. All complexes 
are stable at room temperature for indefinite periods except the zinc(Il) 
compounds which are moisture sensitive and decompose slowly on 
exposure to atmosphere. All the complexes are soluble in water, ethanol 
dimethyiformamide and dimethylsulfoxide. The microanalytical results 
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(Table 1) are consistent with the proposed Scheme 1 suggesting the 
formation of the complexes as [R^SnMLXJ where L=L' ,L^L\L ' ' , 
M = Ni",Cu" and Zn"; R^CH^C^H,; X=C1 or NO,. The low molar 
conductance values of all the compounds in DMSO at room temperature 
support'^ the non-ionic nature of these complexes. However, single 
crystals suitable for X-ray crystallographic studies were not able to 
be isolated. The successful cyclization at the terminal amine position 
seems to be due to the difference in reactivities between primary and 
secondary amine nitrogen of the diethylenetriamine moiety'^ 
The major IR spectral features of the macrocyclic complexes are 
listed in Table 2. The IR spectra of all the complexes do not show any 
bands characteristic of free primary amine or carbonyl groups which 
strongly support the formation of the proposed macrocyclic moiety 
(Scheme 1). This has been further supported by the appearance of a new 
strong intensity band in the 1580-1620 cm' region for all the complexes 
which may, reasonably be assigned-' to the C=N stretching vibration of 
the macrocyclic system. However, its position is found to be shifted to 
lower frequency (15-20 cm') when compared with that reported^'" for 
the uncoordinated imine function in polyazamacrocyclic moieties, 
indicating the coordination of the imino nitrogens in the present 
complexes. The absorption bands in the 2880-2940 and 1410-1460 cm ' 
regions observed in all the complexes may correspond to C-H stretching 
and C-H bending vibrations, respectively. The appearacne of a band around 
1125 cm' for all complexes may be attributed to i,)(C-N). The presence 
of a sharp band at 420-450 cm' in all the complexes is due to the 
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v(M-N)vibration'^ 
Two weak intensity absorption bands in all the complexes identified 
around 370 and 590 cm' may be ascribed" to v(Sn-N) and v(Sn-C) 
vibration, respectively, which indicates the presence of two alkyl groups 
at axial positions. The coordination of the nitrato group is further supported 
by the appearance of new bands around 250 cm' assignable^'' to M-0 of 
the ONO2 group. However, the bands around 1240, 1050 and 880 cm' 
exhibited by all complexes are consistent with the monodentate nature 
of this group. A medium intensity band around 280 c m ' may 
unambiguously be assigned to the v(M-Cl) frequency. 
The EPR spectra of the polycrystalline copper(II) macrocyclic 
complexes at room temperature exhibited a strong single broad band 
and their g. g and G values have been calculated. No complex shows 
hyperfine structure at room temperature. This may be attributed^' to strong 
dipolar and exchange interactions between copper(II) ions in the unit cell. 
The g and g^ values appeared at 2.22-2.25 and 2.08-2.11 regions, 
respectively, which support^^ that d j^j. 2 may be the ground state as 
g. > g > 2.02. The observed g values are characteristic" of axially 
distorted octahedral copper(II) complexes such that the unpaired 
electron is present in the d^ 2_ 2 orbital. It has been reported^* that for 
an ionic environment g|>2.3, while for a covalent environment g >2.3, 
indicating that the present complexes exhibit considerable covalent 
character. The g vlaues are related'^ by the expression G = (g.-2) / (g,-2) 
which measures the exchange interaction between copper centres in 
the polycrystalline solid. If G < 4, exchange interaction is present in the 
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solid complexes. For the hexaazamacrocyclic copper complexes studied 
here the axial symmetry parameter G lies in the region 2.00-2.77 
which indicates a considerable amount of exchange interaction occuring 
in these complexes. 
The 'H NMR spectra of all Zn" complexes have been recorded and 
show two signals in the range 2.70-2.91 and 3.50-3.63 ppm as triplets 
due to non-equivalent methylene protons [CH^-N-CH^XSH) and CH^-N=C, 
(8H)] of the diethylenetriamine moiety. The appearance of a singlet at 
8.26-8.32 ppm for the complexes [R.SnZnL'XJ and [R.SnZnL'XJ, 
another singlet at 2.31-2.42 ppm for the complexes [R.,SnZnL'XJ 
and [R.,SnZnL''X2] corresponds^ to the glyoxal and imine methyl [CH = N, (4H) 
and CH3-C=N-, (12H)] proton, respectively. The spectra of [R.SnZnL'XJ 
and [R^SnZnL^X^ ]exhibited a single band at around 1.85 ppm which may 
be assigned to the methyl protons [Sn-CHj, (6H)] of dimethyltin dichloride. 
Two multiplets observed around 1.50 and 2.12 ppm for the complexes 
[R.SnZnL'XJ and [R^SnZnL^X,] may be due to CH, and CH, protons 
[Sn-C2H5,(10H)] of diethyltin dichloride. However, the 'H NMR spectra 
of all the zinc complexes do not show any band assignable to primary 
or secondary amino protons which support the suggested macrocyclic 
skeleton. 
The electronic spectra of the nickel(ll) complexes of all the 
present macrocyclic ligands show two distinct bands which are assignable 
to the spectral features of octahedral nickel(ll) complexes. The broad 
bands in the range 11,200-11,450 and 17,400-17,700 cm' are assigned'" 
to octahedral symmetry and the -^ A^^F) -> ^T,^(F) and -^ A, (F)-> '^T, (P) 
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transitions, respectively. The observed magnetic moment values in the 
range 2.95-3.01 B.M. further confirm the above geometry. The 
electronic spectra of the copper(ll) macrocyclic complexes show two 
bands in the region 18,400-19,200 and 15,600-16,700 cm ' which may 
be assigned^' to the ^B, -> ^E and ^B, -> ^B^ transitions, respectively, 
corresponding to distorted octahedral geometry around the metal ion. 
Furthermore, the magnetic moment measurements support the electronic 
spectral data. Apart from these bands, all the complexes exhibit bands 
around 33,000 c m ' which may be due to charge transfer transitions. 
136 
REFERENCES 
1. M.J. Grannas, B.F. Hoskins and R. Robson, Inorg. Chcm., 1994, 33, 
1071. 
2. D.G. McColIum, L.Hall, C. White, R. Ostrander, A.L. Rheingold, J. 
Whelan and B. Bosnich, Inorg. Chem., 1994, 33, 924. 
3. M.G.B. Drew, P.C. Yates, F.S. Esho, J.T. Grimshaw, A. Lavery, K.P. 
McKillop, S.M. Nelson and J. Nelson, J. Chem. Sac. Dal fan Trans., 
1988, 2995. 
4. W.J. Belcher, P.J. Brothers, M.V. Land., C.E.F. Rickard and D.C. Ware; 
J. Chem. Soc. Dal ton Trans., 1993, 2101. 
5. R.E. HerberandA.F. Smelkinson,/war^. Chem., 1978, 17, 1023. 
6. P.A. Cusack, B.N. Patel, P.J. Smith, D.W. Allen and R.W. Nowell, 
J. Chem. Soc. Dal ton Trans., 1984, 1239. 
7. M.M. Amini, A.L. Rheingold. R.W. Taylon and J.J. Zuckerman, J. Am. 
Chem. Soc, 1984, 106, 7289. 
8. M.S. Holt, W.L.Wilson and J.H.Nelson, C/7c'w. Rev., 1989,89, 11. 
9. J.D. Donaldson, Prog., Inorg. Chem., 1968, 8, 287. 
10. C.N. Reilley, R.W. Schmid and F.S. Sadek, J.Chem. Educ, 1959, 36, 
619. 
11. A.L Vogel, "Text Book of Quantitative Inorganic Analysis", Longmans, 
London (1961). 
12. W.J. Geary. Coord. Chem. Rev., 1971, 7, 81. 
13. B.L. Shaw. J.Am. Chem. Soc, 1975, 97, 3857. 
14. M.G.B.Drew. F.S, Esho and S.M. Nelson../. Chem. Soc Dalton Trans., 
1983, 1653. 
137 
15. D.E. Fenton, B.P. Murphy, A.J. Leong, L.F. Lindoy, A. Basheel and 
M. McPartline, .7. Chem. Sac. Palton Trans., 1987, 2543. 
16. M. Shakir and S.P. Varkey, Polylwdron, 1994, 13, 791. 
17. A. Varshney and J.P. Tandon, Polyhedron, 1986, 5, 1853. 
18. K. Nakamoto, "Infrared Spectra of Inorganic and Coordination 
Compounds", Wiley Intersciences, New York (1970). 
19. I.S. AhujaandS. Tripathi,/wc//aA7j. r/7em., 1991, 30A, 1060. 
20. M.C. Jain, A.K. Srivastava and P.C. Jain, Inorg. Chim. Ada, 1977, 
23, 199. 
21. B.J. Hathaway and D.E. Billing, Coord. Chem. Rev., 1970, 5, 143. 
22. D. Kivelson and R.R. Neiman, J. Chem. Phys., 1961, 35, 149. 
23. M. Shakir, S.P. Varkey and P.S. Hameed, J. Chem. Research, 1993, 
11, 2964. 
24. K.G. Ragunathan and P.K. Bhardwaj, J. Chem. Sac. Dal ton Trans., 
1992, 2417. 
25. A.B.P. Lever, "Inorganic Electronic Spectroscopy", Elsevier, Amsterdam 
(1968). 
Chapter 7 
Template synthesis and 
characterization of a new series 
of homodinuclear 
bistetraazamacrocyclic 
complexes bridged through 
the nitrogen of 
benzidine moiety. 
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More recently a series of investigations has emerged 
dramatically about the designing of macrocyclic ligands which are 
able to encapsulate two metal ions. Many researchers have prepared 
numerous binuclear macrocyclic complexes where one of the metals 
exhibit coordinative saturation and the other acts as coordinatively 
unsaturated site'-^. Such type of complexes have been largely employed 
for the redox behaviour accompanying dioxygen binding to metals. The 
preparation of bis macrocyclic N-donor ligands with binucleating 
properties towards transition metals has attracted much interest and a 
variety of systems have been reported-*"^. Fenton has reviewed'' this 
class of compounds emphasizing their relevances to bioinorganic model 
system. Recent studies on dimetallic bis cyclam compounds reveal that 
many of such compounds are used for the electrocatalytic reduction*'" 
of Oj, CO2 or H^O and experimentaly proved that bis cyclams are a 
better electrocatalyst than those of the corresponding monouclear 
species. Several articles have been reported in recent years on the 
co-ordination chemistry of bis macrocyclic molecules in which two 
potentially coordinating tetraaza subunits are linked together by bridging 
the amine nitrogen or carbon atom of the ligands backbone""''*. In such 
compounds each ring may coordinate a metal ion and the two metal 
centres may display independent or mutually dependent behaviour depending 
upon the length of the bridge joining the two subunits. 
Our interest was to generate a rare situation where both 
macrocyclic rings are far away from each other in which the two 
proximate metal centres act as independently as possible especially 
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with regards to the magnetic behaviour. This chapter describes the synthesis 
and characterization of a new series of bis macrocyclic complexes where 
both the tetraaza units are bridged through the nitrogen of the benzidine 
moiety. 
EXPERIMENTAL 
The metal salts FeCl,, CoCl,.6H20, NiCl2.6H20, CuCl^.lUp, ZnCl^ 
and 1,2-diaminoethane, 1,3-diaminopropane and formaldehyde were 
purchased from E. Merck. Benzidine is purchased from SD's fine chemicals. 
Synthesis of tetrachIoro[l,r-phenyl bis (1,3,6,10,13-pentaazacyclo-
tetradecane-7,9-dimethyl-6,9-diene)]dimetal(II) and tetrachloro [1,1'-
phenyl bis (l,3,7,ll,15-pentaazacyclohexadecane-8,10-dimethyl-7,10-
diene)] dimetal(ll), |M,L»C1J and IM^L^CIJ lM=Fe", Co", Ni», Cu» and 
Zn"J. 
To a stirred methanolic solution (30 cm^)of benzidine (1.84 gm, 
10 mmol) taken in a two necked round bottomed flask was added 
simultaneously, formaldehyde (4 cm^ 40 mmol) and 1,2-diaminoethane 
(2.6 cm\ 40 mmol) or 1,3-diaminopropane (2.96 cm\ 40 mmol) followed 
by the addition of methanolic solution (20 cm^) of metal salts (20 mmol). 
The resulting mixture was kept on stirring for about 2hrs and 
finally acetylacetone (20 mol) was added to the reaction vessel where a 
change in colour of the solution was noticed. Furthermore, the reaction 
mixture was refluxed for about 7hrs. The resultant product obtained 
was filtered, washed with methanol and dried in vacuo. 
140 
Synthesis of tetrachloro| l , r-phenyl bis(l,3,610,13-Pentaazacyclo-
tetradecane-7,9-dimethyl-6,9-dlene)]diiTietal(II) and tetrachloro | l , r -
phenyl bis (1,3,7,11,15-pentaazacyclohexadecane-8,10-dimethy 1-7,10-
diene)] dimetal(ll), (M,L'CIJ and [M^L^CIJ [M=Fe", Co", Ni", Cu" and 
Zn"). 
To a stirred methanolic solution (30 cm')of benzidine (1.84 gm, 
10 mmol) taken in a two necked round bottomed flask was added 
simultaneously formaldehyde (4 cm-*, 40 mmol) and 1,2-diaminoethane 
(2.6 cm^ 40 mmol) or 1,3-diaminopropane (2.96 cm^ 40 mmol) followed 
by the addition of methanolic solution (20 cm') of metal salts (20 mmol). 
The resulting mixture was kept on stirring for about 2hrs and 
finally dibenzoyl methane (20 mmol) was added to the reaction vessel 
where a change in colour of the solution was noticed. Furthermore, the 
reaction mixture was refluxed for about 7hrs. The resultant product 
obtained was filtered, washed with methanol and dried in vacuo. 
Synthesis of tetrachloro[l ,r-phenyl bis(l,3,610,13-Pentaazacyclo-
tetradecane-7,9-diinethyl-6,9-diene)]dimetal(II) and tetrachloro (1,1*-
phenyl bis (l,3,7,ll,15-pentaazacyciohexadecane-8,10-diniethyl-7,10-
diene)] dlmetal(II), [M,L*CIJ and (MjL*CIJ IM=Fe", Co", Ni", Cu" and 
Zn"]. 
To a stirred methanolic solution (30 cm')of benzidine (1.84 gm, 
10 mmol) taken in a two necked round bottomed flask was added 
simultaneously formaldehyde (4 cm', 40 mmol) and 1,2-diaminoethane 
(2.6 cm', 40 mmol) or 1,3-diaminopropane (2.96 cm', 40 mmol) followed 
by the addition of methanolic solution (20 cm') of metal salts (20 mmol). 
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The resulting mixture was kept on stirring for about 2hrs and 
finally phthalaldehyde (20 mniol) was added to the reaction vessel where 
a change in colour of the solution was noticed. Furthermore, the reaction 
mixture was refluxed for about 7hrs. The resultant product obtained 
was filtered, washed with methanol and dried in vacuo. 
The elemental analysis were obtained from the Micro analytical 
laboratory of CDRI Lucknow. 'H NMR spectra in DMSO-d^ using a Bruker 
AC 200 E spectrometer with Me^Si as an internal standard were obtained 
from GNDU, Amritsar, India. The estimation of chloride was done 
gravimetrically'- and the metals were estimated by titrating with standard 
EDTA solution'^ The IR spectra (4000-200 cm') were recorded as KBr 
discs on an IR 408 Shimadzu spectrophotometer. The electronic spectra 
of compounds in DMSO were recorded on a Pye-Unicam 8800 
spectrophotometer. EPR spectra of solid complexes at room temperature 
were recorded on a Jeol JES RE2X EPR spectrometer. Magnetic 
susceptibility measurements were carried out using a Faraday balance at 
25°C. The electrical conductivities of lO'-' M solutions in DMSO were 
obtained on a systronic type 302 conductivity bridge equilibrated at 
2 5 ± o . r c . 
RESULTS AND DISCUSSION 
A new series of bis macrocyclic complexes [M^LCl^] [M=Fe", Co", 
Ni", Cu(II) and Zn"; L=L'-L''] have been synthesized from the template 
reaction of primary diamines, formaldehyde and benzidine followed by the 
addition of diketones or phthalaldehyde in 4:4:1:2 molar ratio (Scheme 1); 
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All the complexes are stable to atmosphere and polycrystalline in nature. 
Melting points and colours of all the complexes are shown in Table 1. 
Elemental analysis (Table I) agree well with the bis macrocyclic complexes 
shown in Scheme 1. The molar conductance values in DMSO (10"' M) 
are indicative'^ of non-electrolytic nature of all these complexes. 
The prominent IR spectral results are presented in Table 2. In all 
the complexes, a single sharp band in the 3210-3270 cm' region belongs 
to the coordinated N-H stretching vibration of secondary amine moiety. 
A medium to strong band observed in the region 1560-1600 cm' is due to 
the coordinated v(C=N) vibration and are consistent with that of the 
analogous compounds'*. The most remarkable feature is that the IR 
spectra of the complexes show no bands assignable to primary amine or 
carbonyl group stretching vibrations and which has been effectively 
utilized to draw the concluded structure shown in Scheme 1. Another 
band appeared at 1610-1640 cm' is assignable to v(N-H) vibrations. 
The bands corresponding to the phenyl group vibrations are observed in 
their expected positions (Table 2). The IR spectra of all the complexes 
gave bands around 1175 cm' and can be assinged to v(C-N) vibration. All 
the complexes show absorption bands in the 2850-2960 and 
1420-1460 c m ' regions which may correspond to v(C-H) and 
5(C-H) vibrations respectively. A medium intensity band at 300 cm ' can 
be attributed'^ to M-Cl stretching vibration. Finally the band around 
460-510 cm' region can be ascribed^" to v(M-N) vibration. 
The room temperature EPR spectra of copper(Il) bis macrocyclic 
complexes show a single broad band with two g values. The absence of 
4 H,N NH, + , HCHO + H , N - - 0 - 0 - N H , 
I CI ' M 
M 
H^N I N -
2M' 
= 0 
17' 
0 0 
M=F»(»),Co(ii),Ni(ii),Cu(ii) and Zn (ti) 
L ' , Y . ( C H 2 ) 2 
M=F>(.0, CcCO, Ni(ii),Cu (n) and Zn(ii) 
«•' , Y ' (CHjjj ; R . CH3 
L*, Y » (CHjJj ; R = CH3 
L*, Y « (CH2)2 ; R • CgHg 
L*, Y • (CHjJj ; R = CgHg 
Scheme 1 
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lu'lierfinc splitting signals in these complexes may be due to the strong 
dipolar and exchange interactions between the copper(II) ions in the unit 
celF'. The g and g^ values have been calculated from the spectra which 
appeared in the 2.135-2.145 and 2.058-1.061 region, respectively. The 
observed g values indicate the presence of unpaired electron in the d^ 2__ i 
orbital as g^  > g , a phenomenon reported" in many other complexes. 
All the complexes show the same spectral pattern which suggest that 
the change in marcocylic ring size have little affect in the EPR 
spectral parameters. Proctor and coworkers have shown-" that the 
magnitude of the ratio G=(g. - 2)/{g^ - 2) implies the possibility of 
exchange interaction in the copper complexes. When G > 4 the exchange 
interaction is negligible and vice versa. In the present complexes the 
value ranges from 2.21-2.45 which indicate a considerable exchange 
interaction present in these complexes. It has been reported^"* that g,, 
is a sensitive function for greater than 2.3 and for a covalent environment 
g is less than 2.3. In the present complexes g < 2.3 is indicative of the 
covalent nature of the complex. 
The 'H NMR spectra of all bis macrocyclic zinc(II) complexes 
recorded in DMSO-d^ show two multiplets in the region 6.28-6.43 and 
3.35-3.50 ppm which corresponds^"'^ to the secondary amino protons and 
methylene protons of aldehydic moiety (C-NH-C, 4H and N-CH^-N-8H), 
respectively. Two more multiplets observed for all the complexes in 
2.38-2.48 and 2.62-2.74 ppm regions may be due to the two non-equivalent 
methylene protons (N-CH^-C, 8H and C-CH,N=, 8H) of the amine 
moiety. All the coplexes show a multiplet in the region 7.13-7.53 ppm 
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which is assigned"* to aromatic ring protons. The 'H NMR spectra of 
[ZnX'ClJ and [Zn^L'^ClJ shows a singlet at 8.34-8.40 ppm range which 
can be assinged^^ to the four equivalent carboximine protons (CH=N, 
4H). Furthermore, another sharp singlet appeared for the complexes 
[Zn^L'ClJ and [Zn^L^ClJ in the range 2.14-2.18 ppm may be attributed"* to 
the imine methyl (CH3-C=N, 12H) protons. The 'H NMR spectra of the 
compounds [Zn^L^Cl^], [Zn2L''ClJ and [Zn^L^ClJ show an additional 
multiplet in the region 1.88-1.95 ppm may be assigned to the middle 
methylene protons of 1,3-diamino propane moiety. However, we did not 
notice any bands which are assignable to the protons of uncondensed 
moieties which support the structure of the macrocycles as shown in Scheme 1-
The electronic spectra (Table 3) of iron complexes gave a weak intensity 
band in the 11,400-11,800 cm' region which may reasonably be assigned"-^* 
to the 'T^ -> 'E transition consistent with an octahedral geometry around 
the metal ion. The electronic spectra of cobalt complexes gave two ligand 
field bands in the region 13,800-14,300 and 21,600-22,300 c m ' which 
can be ascribed''-^' to 'T,^(F) -> ^A^^ CF) and "T.^ CF) -^ "A^^ CP) transitions, 
respectively corresponding to the octahedral geometry of cobalt ion. 
The band below 11,100 cm' could not be recorded as it is beyond the 
range of the instrument used. The broad band in the range 11,150-11,250 cm' 
and two distinct bands in the spectra of nickel complexes 20,000-20,800 
and 27,600-27,850 cm' regions may be attributable-* to -'A,^(F) -> "T^^CF), 
'A, (F) -> 'T, (F) and 'A, (F) -> 'T, (P) transition respectively. The 
electronic spectra of copper complexes exhibit two bands in the region 
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19,800-20.500 and 16,200-16,400 cm' is assignable to ^B, -^ E^^  and 
^B -> 'E^ respectively, corresponding^*-^" to a distorted octahedral 
geometry of copper ion. The magnetic moment values further support 
the proposed geometry. All the complexes exhibit a high intensity band 
around 33,300 cm' is due to the charge transfer transition (Metal to ligand, 
MLCT or ligand to metal LMCT). The electronic absorption bands of all 
the bis macrocyclic binuclear complexes in comparision with that of the 
similar mononuclear complexes reported^* earlier do not show appreciable 
difference. Furthermore, the magnetic moment values of the present 
complexes do well agree to their mononuclear complexes. This similarity 
in electronic spectral and magnetic moment data give significant 
information about the non interacting metal centres in the present 
complexes. 
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